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e Capacitive Storage Units 


@ Single Power Supply 


GRAM MEMORY DATA ur aes ec 


MEMORY ADDRESS REGISTER 
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LOAD GATES 


OPERATIONS REGISTER A- = 


a J Ten Megapulse Transistorized 
OPERATIONS DECODER 


Pulse Cirgtits for Computer 
Application 


ACCUMULATOR 
COMMAND REGISTER 
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DISTRIBUTOR 


B-REGISTER 
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COMMAND LINES 
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A, — POWER GAIN — db 


20 30 4050 70 10 
f — FREQUENCY — mc 
POWER GAIN VS. FREQUENCY 


Now for your television IF’s, VHF oscillators and am- collector to base 

plifiers plus high speed computer applications... new collector to emitter... 

round welded 2N623 diffused-base germanium tran- aig See rea ieee 
sistors give you 200 mc typical maximum frequency | 
of oscillation, 90 mc alpha cutoff, plus a 25 mypsec | 
typical total non-saturated switching time. . 


(conditions) 


Check the specifications and application notes below collector reverse current........ i. Ves = —20V | 
— see how the TI 2N623 can help you with your next ee as robe ae = 0 Vex = —0.5V 
high gain/high frequency or ultra high speed switch- current wanctas rab cutoff tees s x Bn ae a 
ing application. max. frequency of oscillation. k ey Ves ey, f 
frequency where hfe is unity... i = —2mA Va = —6V 
Write today to your nearest T/I sales office for Bulletin DL-§ 904 For further information circle No. 1 on Reader Service Card |) 


APPLICATION NOTES 


TYPICAL 43 MC IF AMPLIFIER 
A7Tupid 


INPUT FROM 


IDENTICAL STAGES OUTPUT TO 
: IDENTICAL STAGES 


0.001.f== 315K 


O 
—i2V DC 


TYPICAL VALUES —— AVAILABLE POWER OUTPUT 20 mW (PEAK) : — 
NOISE FIGURE 6 db ¢ POWER GAIN 15 db © BAND WIDTH, ONE STAGE 11 me WITCHING TIMES OB 
PROX. IMPEDANCE LOOKING INTO PRIMARY 56Q ® LOAD ON SECONDARY 3000 QS” . . . : 214 mysecs __ 


ME MGs ck oe 5ok cuicacs sae C ance TEXAS INSTRUMEN|’! 


CAMDEN . DAYTON : DENVER 
INC “<a 
DETROIT © * OTTAWA = * +_—- SYRACUSE — *>_—_—s SAN DIEGO fis seme Bo to ec! = ce 
WALTHAM . WASHINGTON D. C. re 


POST OFFICE BOX 312 ¢ DALLAS. TEXAS 


Radio 


eCepeor... . | 
your prime source for 
every type of 
ILICON 
and 
a x RMANIUM 


high speed 
high conductance 
high temperature 
high voltage 
high back resistance 


* When switching from 5 mA to 40V. + When switching from 30 mA to 35V. 
t JAN type. 


The specs shown here are just a small sampling of the 
complete Radio Receptor diode line which covers every 
combination of characteristics needed for your circuitry. 
For full information, write today to Section 


SEMICONDUCTOR DIVISION RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 
240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000 


General Instrument Corporation 

also includes: Automatic Manufacturing Division, 
F. W. Sickles Division, Micamold Electronics 
Manufacturing Corporation (Subsidiary) 


GENERAL 
INSTRUMENT 
SEMICONDUCTORS 
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ride herd on transistor circuit 


standardize on 


i) 


1. Low signal requirement 


2. High light output — 5 times that of NE-2 
ea ; ? : With above Circuit Conditions 

3. Negligible loading of transistor circuits 

Average anode current 2.0 mAde 


4. Many thousand hours of life with little Grid bias forconduciion. 0. 1ana eee 


loss of light intensit 
8 y Grid bias for conduction 


LIGHT INDICATOR TUBES 


a 


5. Subminiature size (R, = 2.0 meg) 0 to —4.1 Vdc 
6. AC operation — low drain Average tube voliage drop 

at], = 5 mAdc 18 Vde 
7. Simple and dependable ae 


Newton, Mass.:.......... 55 Chapel St., Bigelow 4-75 
INDUSTRIAL TUBE DIVISION | Sorento o re 


Reliable Miniature and Subminiature Tubes ¢ Filamentary Tubes Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-61 
VR Tubes ¢ Rectifiers * Thyratrons * Cathode Ray Tubes Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-42 


VISIT RAYTHEON BOOTHS 639-640, WESCON, Los Angeles 
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Front Cover 
The front cover shown this month depicts a physical view and a block 
diagram of a high speed digital computer for military applications de- 
veloped by the Military Products Division of IBM. The transistorized pulse 
circuits for this equipment are described in an article beginning on page 26. 
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CASE SHELLS AND SLEEVES— Available from stock | 


in standard sizes..These molded epoxy cases can 
be machined to special.configuration 


EPOXY SHEET—Molded epoxy sheets in a variety 


thicknesses. When: heated to. 125°F this material 
can be formed: and cut. ‘Ideal for prototype pack- 
aging and short runs 


E-FORM CASTING POWDERS — Premixed resin and 
hardener ideally suited for prototype or short runs. 
Melts as low as 85°C or as high as 145°C for fast 
/ curin 


E-FORM PELLETS—All casting powders can be 
pressed into pre-metered pellets for produ 
applications. Many pellet sizes available 


EPOXY LIQUID AND HARDENER — If application will 
not tolerate elevated temperatures, liquid resins 
and hardeners will cure at room temperature. 
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component encapsulation 


will solve any 


problem! 


Shells, sheeting, powder, pellets, liquid—EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component. 

Once the right encapsulating unit is developed, 

it can be produced in quantity immediately and 
placed on your production line. In short, no 

matter what type of component you are 
encapsulating, no matter what your facilities are 
now, there is an epoxy form and method just 

for you—from EPOXY PRODUCTS! Write today for 
complete technical data and literature. 


Test epoxy encapsulation 
mm your own lab! 


A special kit containing generous 
samples ofall 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor. 


PRODUCTS, INC. _ 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington 11, New Jersey 
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ditorial ... 


ransistor Issue 


proximately six years have passed since the first 
sistor Issue of the Proceedings of the IRE. At 
time a complete issue was set aside to describe 
es made on a new active device over a four year 
d. In commemoration of the tenth anniversary 
e discovery of the transistor the Proceedings of 
RE has published one of its biggest issues, again 
g tribute to a rapidly growing transistor indus- 
Transistor developments and the transistor in- 
ry have made great inroads into electronics espe- 
y since the initial November 1952 issue of the 
eedings of the IRE. 
t this time we choose to look back to the famous 
ember 1952 issue of the Proceedings of the IRE 
view the evolution of the “state of the art.” This 
ution is indicated by the second Transistor Issue 
une 1958 which undoubtedly will be considered as 
mportant reference issue in its own right. 
canning the November 1952 Proceedings it cannot 
denied that 


the point contact transistor which today is con- 


it contained much information 
red obsolete, mechanically, but whose electrical 
acteristics device designers are, in part, attempt- 
to reproduce through the medium of new devices. 
addition, there were items in the initial issue on 
ction transistors, which today are the foundation of 
st devices fabricated. High frequency junction tran- 
tors had alpha cut-off frequencies of less than 30 me; 
ices were fabricated from germanium material for 
most part; and device material considerations did 
t extend much beyond silicon and germanium. 

The June 1958 issue of the Proceedings indicates 
e almost universal use of germanium and silicon. 
owever, an article appears on intermetallic com- 
und research in relation to transistors. Frequency- 
ise indications of 500-1000 me alpha cut-off frequen- 


es are presented which are almost a two order of 


— 
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magnitude change in this characteristic over that in- 
dicated six years ago. With respect to a transistor fig- 
ure of merit based on a power frequency combination 
expressed in watt-megacycles, there are indications of 
figures of 50-70 watt-megacycles for silicon and ger- 
manium devices respectively. The mention of point 
contact transistors appears to have been completely 
displaced by junction devices fabricated by alloy and 
diffusion processes. Although the mention of point 
contact transistors has disappeared, the search for re- 
generative devices continues and articles on p-n-p-n 
devices appear. 

It is of interest to compare the two transistor edi- 
tions of the Proceedings of the IRE and envision the 
growth and potential of a relatively young field. In 
the light of the rapid changes that have occurred in 
a little over half a decade, as evidenced by these two 
issues, it is difficult to predict what the next “Tran- 


sistor Issue” will describe. 
SCP To Go Monthly 


When SEMICONDUCTOR PRODUCTS was origi- 
nally launched this year, we planned to publish the 
magazine bi-monthly until the industry showed signs 
of needing more frequent issues. That situation al- 
ready exists, as indicated by the vast increase of ex- 
cellent editorial material and technical articles we are 
receiving. In order to make as much as possible of this 
material available to our readers we are proud to an- 
nounce that effective January 1959 SEMICON- 
DUCTOR PRODUCTS will appear every month. In 
addition, we plan new departments and columns that 
will further enhance the value of this magazine to 
scientists and others engaged in the semiconductor 
industry. One such column inaugurated in this issue 
is “Research News,” the purpose of which is to pro- 
vide the reader with up-to-date information on a re- 


search level. 


Samuel L. Marshail 
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Research News 


Research laboratories are 
invited to contribute items 
of interest to this column. 


A new device which has exciting 
possibilities as a low-noise u-h-f 
and microwave amplifier is under 
development at Bell Telephone Lab- 
oratories. Although still in the ex- 
perimental stage, preliminary results 
indicate that this device, which uses 
semiconductor diodes as the active 
elements, can improve the perform- 
ance of many types of microwave re- 
ceivers. It is relatively simple to 
construct and operate, and shows 
prospects of having a long life. 

Noise is a major problem in the 
amplification of weak microwave 
signals. Commercially available 
amplifiers and converters add a con- 
siderable amount of noise to the in- 
coming signal, thus decreasing the 
sensitivity of the receiving equip- 
ment. A major reduction in this 
added noise can significantly im- 
prove the performance of radio re- 
ceivers such as those used in radar, 
radio astronomy, over-the-horizon 
radio relay and u-h-f television sys- 


¢ SPECIAL 
e@ ANNOUNCEMENT 


@ SEMICONDUCTOR 


PRODUCTS 


& Will go 


monthly in 


January 1959 


See this month’s editorial 


Equipment for studying the amplify- 
ing properties of a nonlinear capacitor 
semiconductor diode. The right hand is 
holding the special diode and enclosure, 
and is about to insert it in the proper 
location in the waveguide structure. A 
pump frequency of 12,000 magacycles 
enters from the left. The signal, in this 
case 6,000 megacycles, comes in from 
the right, is amplified and reflected back 
back inside the same waveguide. The 
incoming and outgoing signals may be 
separated by a ferrite microwave cir- 
culator. 


tems. The diode» amplifier holds 
promise of providing such a noise 
reduction. 

This amplifier is one of a family 
of devices known as variable re- 
actance amplifiers in which a vari- 
able reactance, or “varactor,” serves 
as the active component. In the pres- 
ent device, the variable reactance 
is provided by a _ semiconductor 
diode (varactor diode) whose ca- 
pacitance varies with the applied 
voltage. As with other varactor amp- 
lifiers, the applied voltage is derived 
from a high-frequency pump signal. 
This signal causes the diode to func- 
tion as a time-varying capacitance 
and supplies the energy which is 
necessary to produce amplification. 
Low-noise amplification using var- 


actor diodes was predicted by 
A. Uhlir, Jr. of Bell Laboratories, — 

Amplification at 6000 megacycle 
was first demonstrated by M. 


megacycles with a noise figure of { 
to 6 db. Gain was 18 db and the 
pump signal 12,000 megacycles. Gair 
can be traded for additional bands 
width if desired, and vice versa. 


A traveling-wave amplifier con 
figuration using arrays of severa 
diodes shows promise of providing 
bandwidths of 25% or more in the 
u.h.f region. Using four stages with 
the special diodes in such an array; 
R. S. Engelbrecht of Bell Labora 
tories has obtained a bandwidth @ 
100 megacycles at a 400-megacycle 
signal frequency, with a pump fre+ 
quency of 900 megacycles and ¢ 
pump power of 10 milliwatts. This 
experimental amplifier has a gaiti 
of 10 db and a noise figure of only! 
3% db. 

A single type of diode can be useq 
to make an amplifier for any desiree 
frequency from the high microwave 
region down to d-c. The noise per-i 
formance improves rapidly as th 
frequency decreases from micro< 
waves down into the u-h-f region 
thus making such an amplifier po 
tentially useful for u-h-f televisiow) 
receivers. ; 


Interesting aspects of the diodi 
amplifier are its simplicity and pe? 
tential reliability. Major component) 
are the proper waveguide structures# 
the diode itself, and a suitable pump 
signal source. It appears that these} 
components can be assembled tif 
provide a relatively inexpensive de: 
vice. No refrigeration is required/ 
and no magnetic fields are necessary: 
The low-noise characteristics ari 
realizable at room temperatures. 


Although the variable capacit# 
effect is present in commercia 
diodes, Bell Laboratories’ scientist 
have developed, under a _ Signa 
Corps contract, special diffused sili! 
con diodes to maximize this effect 
Series resistance, which could be : 
source of noise, is minimized in thes# 
diodes. Units fabricated by N. G 
Cranna of the Laboratories have ani 
active diameter of about .002 inch. } 

The development of the varacto( 
diode amplifier holds promise 
providing a whole new family 
low-noise amplifiers for the u-h 
and microwave frequency ranges 
These devices will complement thi 
semiconductor diode up-converteriy: 
recently announced by Bell Labora} 
tories, which can also provide low\) 
noise amplification. i 


| 


iducing rejects is a major problem 
} everyone engaged in the manu- 
{ture of transistors, diodes and 
her semiconductor devices. One 
y is to eliminate possible contami- 
ants in the solvents used for wash- 
4 and drying crystals. 


new quality control technique 
psponding to this industry need, 
hiker & Adamson—America’s fore- 
ost producer of high purity chemi- 
Js—has developed a new method 
‘quality control for its “Blectronic 
irade’”’ Solvents. Quality is con- 


llied 


=. 


hemical 


‘ffices: Albany ¢ Atlanta * Baltimore * Birmingha 


Jetroit * Houston * Jacksonville ° Kalamazoo * Los ] 
San Francisco * St. Louis * Seattle ¢ Ke 
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|, »» QUALITY CONTROLLED BY 
RESISTIVITY MEASUREMENTS! 


m ° Boston ¢ Bridgeport * Buffalo * Charlotte * 
Angeles * Milwaukee * Minneapol 


trolled by using resistivity measure- 
ment to determine trace impurities. 


Resistivity “specs” on label 
With these analytical techniques it 
is now possible to offer solvents 
whose purity surpasses all previous 
standards! For the guidance of your 
production and quality control de- 
partments, B&A provides Resistivity 
Specifications on the label of each 
“Electronic-Grade” Solvent. 

Here is still another example of 
how B&A works with the electronics 
industry to supply chemicals made 


ow: Reduce semiconductor rejects 


ith BeA’s new “Electronic-Grade” Solvents 


especially to your exacting require- 
ments. 

For full information, write or 
phone Baker & Adamson Products, 
General Chemical Division, Allied 
Chemical Corporation, 40 Rector 
Street, New York 6, N.Y. 


The following resistivity-tested “Electronic- 
Grade” Solvents are presently available: 


Acetone 
Alcohol Propyl, Iso 


Alcohol Methyl, Absolute 
(Methanol) “Acetone Free” 


Carbon Tetrachloride 
Ether, Anhydrous 
Trichloroethylene 


® 
B & A **@lectronic-Grade’’ Chemicals 


Products of 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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Chicago * Cleveland (Miss.) * Cleveland (Ohio) * Denver 
is © New York ° Philadelphia * Pittsburgh ° Portland (Ore.) * Providence 
nnewick, Vancouver and Yakima (Wash.) 


The Hughes HA7500 Series silicon 


pnp 
transistors 


Ideal for: 


Differential Amplitiers. Because significantly, the 
spread for any characteristic of a given type is small. 
Matching becomes easy with this kind of unifermity. 


Low Level Choppers. Because switching charac- 
teristics are excellent. Saturation resistances are low; 
emitter and collector reverse currents are low; emitter 
to base reverse voltages are high. 


D.C. Amplitiers. Because variation of characteris- 
tics within a type is small. These variations are also 
little affected by temperature. 


Audio Oscillators, Multivibrators, Flip-Flops. 
Because, once again, uniformity becomes significant, 
as well as the unusual stability of each type. Replace- 
ment can be accomplished without loss of effectiveness. 


Servo Circuitry,Medium Power Amplification, 
Phase Detection, Voltage Regulation, Power 
Control. Because this series has versatility. Both low 
and high level operation become practical. 


ACTUAL SIZE 


These multi-use transistors have the advan- 
tages inherent to all silicon devices plus the 
typical Hughes advantages of ruggedness and 
reliability. They have a unique coaxial config- 
uration, developed at Hughes to permit the 
maximum flow of heat from the crystal 
through the package while providing an ex- 
tremely sturdy internal structure. Signifi- 
cantly, this configuration is ideal for machine 
insertion on printed boards. Dimensions: body 
length, .396 inch; body diameter, .343 inch. 


For details of the various types, please write: Hughes 
Products, Semiconductor Division, International 
Airport Station, Los Angeles 45, California. 


i al 

| ] 

Creating a new world with ELECTRONICS ; 

HUGHES | 

—§ 8 | : 

D Lites i SS Se | ee eee 28 
SEMICONDUCTORS ©1958, Hughes Aircraft Company 
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_ STORAGE TIME 


The Type 53/54R 
Unit can trigger the 

] Oscilloscope sweep 
either on the start of 
the test pulse only, 
the start 
and finish to display 


or on both 


delay, rise, storage, 
and fall times 
simultaneously. 


CHARAC 
Collector Supply 


1 to 15 v continuously variable, positive or 
negative. Current Capability, 400 ma. 


Mercury-Switch Pulse Generator 
Risetime less than 0.005 jisec. Overall risetimes 


with the oscilloscopes are as follows: 
Types 541, 543, 545—0.012 jusec 


Pe RATS: 


across 50 ohms. 
O:2, ONS} 


Bias Supply 


0.5, 


High-frequency characteristics of a transistor under five dif- 
ferent conditions of drive. In each pair, the photograph at 
left shows delay time and rise time, the start of the driving 
pulse coinciding with the 2-cm graticule line. The second 
photograph of each pair shows storage time and fall time, 
the end of the pulse coinciding with the 2-cm line. The 
Type 53 54R Unit plugged into a Tektronix Type 543 Oscillo- 
scope — 3.5-v collector supply, 500-ohm collector load, 
2-ma div vertical calibration, 0.5-j:sec div sweep rate. Driv- 
ing conditions at left of each pair. 


Low-frequency characteristics of the 
same transistor under driving conditions 
paralleling those of the first three pairs 
at left. Family of curves photographed 
on a Tektronix Type 575 Transistor-Curve 
Tracer—0.5-v/div horizontal calibration, 
1-ma/div vertical calibration, 500-ohm 
load line. Driving conditions at right of 
each photograph. 


Bau tizia 
Ae 


Drive voltage 
10 v through 


20 kilohms Drive voltage: 


0.2 v/step 
through 

20 kilohms. 
Drive voltage 
2 v through 

1 kilohm. 


Drive voltage: 


PTR e ye 
0.05 t 
UW ooSssivocn ize a rine hd 
Mn 50 ohms. aS ld dt ed a a ae Tilt 
| [LTS TTT TT § LLC 
| Class A drive: epene sanee 
1 0.05 v th h 
50 oe dae i i Drive voltage: 
ERERe xem 0.02 v/step 
f through 
I Baeeeseeee 50 ohms. 
Class A drive: {1-1 i 
0.1 v through aeelessien! eeece ss 
Sia RRGEE SEBEL a 


Tektronix, Inc. 


P. O. Box 831 + Portland 7, Oregon 
Phone CYpress 2-2611 * TWX-PD 311 - Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albertson, L.I., N.Y. * Albuquerque * Bronxville, N.Y. + Buftal 
Cleveland * Dallas * Dayton * Elmwood Park, Ill. * Endwell, N.Y. * Houston * Lathrup Village 
Mich. * East Los Angeles * West Los Angeles * Minneapolis * Mission, Kansas * Newtonville 
Mass. * Palo Alto, Calif. * Philadelphia * Phoenix * San Diego * Syracuse * Towson, Md 


Union, N.J. * Willowdale, Ont 


TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc., Ft. Myers, Fla., 
Gainesville, Fla.; Bivins & Caldwell, Atlanta, Ga., High Point, N. C.; Hawthorne Electronics, 


Portland, Ore., Seattle, Wash.; Hytronic Measurements, Denver, Colo 
Tektronix is represented in 20 overseas countries by qualified engineering organizations. 
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The Type 53/54R Unit and your Tektronix Oscilloscope with 
the Plug-In Feature equip you to measure transistor delay, 


rise, storage, and fall times. No other equipment is needed. 


10 on Reader Service Card 


Just plug in the Type 53/54R Unit and you're ready to go 


c Ss 


Type 532—0.07 usec (The Type 532 and Type 536 
have an additional limitation in the lack of 
signal delay in the main vertical amplifier). 

Amplitude—0.02 v to 10 v, continuously adjustable, 
Eight calibrated steps—O.05, 0.1, 
1, 2,5;-ana" 1'0i vs 


—0.5 vto +0.5v and —5vto +5 v, continuously 


T —_ 

ny oe aa eo variable. Current Capability— +100 ma. 
ype 3—0. sec ° ° : 

Types 531, 535, 536—0.035 jisec Calibrated Vertical Deflection 


1, 2,5, 10, 20, 50, and 100 ma/cm collector current. 


Price—$300 f.o.b. factory 


Please call your Tektronix Field Engineer or 
Representative for complete specifications 
and, if desired, to arrange for a demon- 
stration at your convenience. 


ENGINEERS ~— interested in furthering 
the advancement of the oscilloscope? 
We have openings for men with creative 
design ability. Please write Richard 


Ropiequet, Vice President, Engineering. 
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Leading manufacturer 
of fine chemicals 
offers 

single-crystal and 
polycrystalline silicon 


© Merck & Co., Inc. 


The checking of silicon refining via the floating zone technic 
is but one of the many process checks made in the manu- 
facture of polycrystalline silicon. 


Critical quality control and rigid specification standards are 
maintained through regular testing. Here a Merck technician 
pulls a silicon crystal prior to test that will assure uniform 


‘he critical specification of silicon materials is their purity— 
urity that will not limit the performance of present and future 
emiconductor devices. Merck is now manufacturing the purest 
rade of silicon available. 

Long-established and world-renowned for its manufacture 
of products that must be pure—products that demand the 
ultimate in quality control—Merck is eminently suited to 
aunch its program of products for the electronics industry. 


Single crystals are currently available in the following form: 


1000 ohm cm. p type 
200 microseconds 


Resistivity Min. 
Lifetime Min. 


In the near future, single crystals will be available also in a 
variety of resistivities from the highest purity 1000 ohm cm. p 
or h type minority carrier to any intermediate resistivity up to 
80 ohm cm. + 20% over entire crystal. 

All single crystals are prepared from extremely pure Merck 
silicon. The crystals are grown without contact with quartz or 
any other crucible material. Thus, they possess extremely low 
oxygen concentration and should exhibit very little heat treating. 


In addition to the single crystals described above, Merck 
silicon polycrystalline is available in the form of billets of high 


product purity, quality, and dependability. 


density material. The billets are under one inch in diameter 
and are in suitable lengths so that two or three billets, without 
additional cutting or etching, will fit into the average crucible 
for crystal pulling. Other lengths will be available in the future 
for floating zone refining (vertical crystal growing). Merck 
polycrystalline billets have not previously been melted in 
quartz so that no contamination from this source is possible. 
Billets are shipped in double-walled polyethylene bags for 
protection. 

At present, the polycrystalline material contains a small 
concentration of a Group V element which segregates rapidly 
in zone refining. No other elements, such as tantalum, gold, 
zinc, iron, manganese, molybdenum, potassium, sodium, bis- 
muth, and cobalt, appear to be present even when tested by the 
most sensitive analytical technics such as activation analysis. 


A completely equipped and staffed laboratory is being main- 
tained at the Electronic Chemicals Division to aid customers 
in the use and applications of Merck ultra-pure silicon. 

For additional information on specific applications and 
processes, write Merck & Co., Inc., Electronic Chemicals 
Division, Department ES-1, Rahway, New Jersey. 


a product of 


For further information circle No. 11 on Reader Service Card 


Today’s emphasis on advanced transistor technoj 
and solid-state devices and materials has opened qj 
new opportunities in research and development at IE 


Opportunities in /\ Research and Development at 


puter field that a properly qualified applicant f 
the widest variety of research and development assiz 
ments available. Which of these areas, now ope 
IBM laboratories at Endicott, Poughkeepsie, and Y¢ 
town, New York, offers the kind of career you wa 


Solid-state physics Physical chemistry ~ 


Semi-conductor devices Magnetic devices . 
Analytical mechanics Circuitry applicatiom) 
Mathematics, topology Reliability studies ; 


Qualifications 


Degree in electrical, mechanical or chemical engine 
ing, physics, engineering physics, mathematics, me 
lurgy or chemistry, and 


Proven ability to assume a high degree of tect 
responsibility in your sphere of interest. 


FOR DETAILS, just write, outlining background a | 
interests, to: 
Mr. R. A. Whitehorne, Dept. 6825 


Mgr. of Technical Recruitment | 
International Business Machines Corp: 
590 Madison Ave., New York 22, N. 


IBM is a recognized leader in the rapidly expano 
electronic computer field with a stable balance 
military and commercial work. You will find exceptic 
opportunities for technical achievement and growth 
IBM. Original developments and publications will 
doubtedly stem from your work. Salaries are excelle 
Liberal company benefits set standards for indus: 


INTERNATIONAL 
BUSINESS MACHINES / 
CORPORATION 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 
SPECIAL ENG’G. PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkee 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, 
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on high purity graphite 


progress report 


parts for all phases of semiconductor processing 


The above photograph gives some indication of the | Whether you need one, or one million, parts .. . a minute 
rapid progress being made in the production of graphite component or an extra large boat . . . United is eager to 
supply you with products of precision, machined to any 
desired tolerance and purified by United’s exclusive 
In this interesting field, as illustrated, the tool maker’s refining process—making it the purest available today. 


microscope is as important to graphite parts production as is 
the slide rule in engineering. At United, matchlessly machined, | Your complete satisfaction is assured by United’s rigid 
. plus a reputation for high purity 


parts for semiconductor processing. 


| 


high purity graphite is produced for all phases of semicon- quality controls . . 
ductor processing: reduction and refining boats...crystal- graphite parts that are the standard of the world. Our 


pulling heaters and devices... fusion jigs and components. technical service department is at your immediate call. 


————— 


WRITE us today on your 
semiconductor graphite 
parts needs or problems 
—no obligation, of 


wy CARBON PRODUCTS CO. INC. 
P.O. BOX 269, BAY CITY, MICH. 
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Optimum Noise Performance 


of Transistor Input Circuits: 


R. D. MIDDLEBROOK* 


Some results are presented for optimum noise performance of transistor input stages 
when fed from resistive or reactive sources. Standard theory has shown that a common- 
emitter transistor fed from a resistive source presents a minimum noise figure F,, when 
the source resistance has a certain value R,,, in the order of 1k. In this article, expres- 
sions are developed for minimum noise figure and optimum source resistance in the pres- 
ence of base bias resistors, emitter degeneration resistance, and various kinds of feedback. 
Results are in terms of F,, and R,,. only, and do not contain other functions of the tran- 
sistor internal noise sources. It is shown that the minimum noise figure is never less than 
F,,, but the optimum source resistance can be either greater or less than Rom. In the case 
of reactive sources, noise figure is meaningless and the quantity of interest is signal-to- 
noise ratio over the passband. It is shown that for an inductive source, such as a magnetic 
tape head, there is a maximum signal-to-noise ratio obtainable with an optimum source 
inductance, and that a Figure of Merit can be assigned to the source which is independent 
of its inductance. Experimental results presented for both resistive and inductive sources 
show good agreement with the theoretical predictions. 


INTRODUCTION 


HE NOISE performance of any electronic cir- 
cuit, whether measured in terms of noise figure 
or signal-to-noise ratio, is dependent on two 
classes of properties: first, the physical sources of 
noise within the circuit components, and second, the 
way in which the components are interconnected. 
This article is concerned with the second of these, and 
in particular, with the effects on the overall noise per- 
formance of various circuit arrangements of transis- 
tors and passive elements with given noise properties. 
It has been shown by Bargellini and Herscher that 
a transistor fed from a resistive source exhibits a 
noise figure F which is a function of the transistor in- 
ternal parameters and noise sources and of the ex- 
ternal signal source resistance R,. It was also shown 
that the noise figure exhibits a minimum value F fi 
when the source resistance has an optimum value 
Rom in the order of 1k, and that the values of Fi, and 
Rym are essentially the same whether the transistor is 
in CE, CB or CC connection. 


*Electrical Engineering Department, California Institute of 
Technology, Pasadena, California 


{Presented at the Philadelphia Transistor and Solid State Cir- 
cuits Conference, February 1958 


*P. M. Bargellini and M. B. Herscher, “Investigations of noise 
in audio frequency amplifiers using junction transistors,” Proc. 
IRE., vol. 43, pp. 217-226; February 1955. 
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It will be shown in the following work that the 
noise figure of a circuit containing a CE transistor an 
a resistive signal source exhibits a minimum noise 
figure F,,’ for an optimum source resistance Rgm’ in 
the presence of bias resistors, emitter degeneratio 
resistors and feedback. Expressions for Fy,’ and Rom’ 
are presented in terms of F,,, and R,» as defined above 
It will be shown that F,,’ is always equal to or greate 
than F,,, and that Rym’ may be either greater than or 
less than R,,,. However, it is easy to design circuit 
in which F,,’ exceeds F,,, by only a small amount. 

In many practical applications the signal source 
feeding a transistor amplifier is not purely resistive 
In these circumstances the noise performance of th 
entire circuit is more conveniently expressed in te 
of signal-to-noise ratio at the output rather than i 
terms of noise figure. Indeed, noise figure becomes 
meaningless if the signal source is purely reactive, & 
condition approximated in magnetic tape heads. It is 
obvious that the noise performance in such cases is in- 
timately connected not only with the properties of th 
transistor and associated circuitry, but also with th 
properties of the signal source or transducer. : 

Since the design of transistor amplifiers to be fe 
from magnetic tape heads or other inductive sources 
is of some practical importance, it is of interest to in 
quire whether an optimum source inductance exists 
which would maximize the output signal-to-noise ratia 
of the whole circuit. It will be shown in the followin 
work that under certain conditions an optimu 
source inductance does in fact exist, and expres+ 
sions for this quantity and for the maximum attain4 


=] 


3 signal-to-noise ratio will be given. These expres- 
©; are in a convenient form for practical use, since 
i) are in terms of quantities easily measurable or 
tiilable from the noise properties of the first-stage 
Hsistor, the overall gain versus frequency charac- 
qtic, and certain circuit parameters concerned with 
#oiasing arrangements of the first-stage transistor. 
pill further be shown that a Figure of Merit can 
iscribed to an inductive signal source, to which the 
Hal-to-noise ratio of the complete amplifier is pro- 
jional. Experimental results presented for both re- 
ve and inductive sources show good agreement 


1 the theoretical predictions. 


‘Amplifier Noise Figures with Resistive Sources 


he equivalent circuit to be used to represent a 
xy transistor is shown in Fig. 1. This representa- 
is stripped to the bare essentials since the present 
cern is with the circuit properties of the transistor 
not with its internal performance. The simpler 
equivalent circuit of the transistor, the simpler 
- more illuminating will be the desired results, and 
justification for such simplicity will be found in 
validity of the results for practical purposes. Thus 
he tee equivalent circuit of Fig. 1, the emitter and 
e resistances are assumed negligibly small, the col- 
or resistance negligibly large, and frequencies of 
brest are assumed to be such that collector capaci- 
ice and variations of the current gain a may be 
iored. The internal mechanisms of noise generation 
/ here of no interest, and the simplest valid repre- 
tation of the noise is by means of an emitter noise 
tage generator Un;- and a collector noise current 
herator i,,. The polarities shown in Fig. 1 are of 
arse arbitrary, since ultimately only noise powers 
. of interest. The quantities v,- and in, are defined 
rms noise voltage and current in 1 cps bandwidth, 
d in the present work are considered to be the same 
frequencies; thus “1/f noise” is neglected. How- 
er, this limitation is not necessary, and the prin- 
sles of most of the calculations described herein are 
ally valid if this restriction is removed, although 
2 complexity of the results is considerably in- 
eased. 

or future purposes, it is convenient to suppose 
at the emitter noise voltage is due to a fictitious 
mitter effective noise resistance” R,,-. defined by 
2 — 4kTR,., where k is Boltzmann’s constant and T 
the absolute temperature. 

If a noisy transistor is connected as a CE amplitier 
fa signal source of internal resistance R,, and ther- 
lal noise voltage Ung = (4kTR,)"* in 1 eps band- 
idth as in Fig. 1, it is easily shown that the noise 
sure F of the circuit is given by 


(1) 


F 1 Ure By? reg [Or 
= le 4AkTR, 


the noise figure is therefore a function of the gen- 
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erator resistance R,, and exhibits a minimum value 
F,, when the generator resistance has an optimum 
value Rym, where 


= (2) 


ies ge Ie 
4kT Rom 


2Bne 


(3) 
gm 

The above equations may be obtained from the work 
of Bargellini and Herscher! by appropriate simplifica- 
tion. 

Figure 2 shows the general form of the variation of 
the noise figure F as a function of the generator re- 
sistance R, for the circuit of Fig. 1. For a low-noise 
transistor, F,,, is of the order of 2.5 (4 db) and Rgm in 
the region of 1k. These two quantities are readily 
measured, and from them the parameters Une, inc, and 
R,, can be determined from Eqs. (2) and (3). From 
the applications point of view, the circuit measure- 
ments are more appropriate than the internal gen- 
erators Une and ine, and hence in the following work 
results will be expressed in terms of F,, and Rym. 


Transistor 


Fig. 1—Simple equivalent of CE transistor amplifier fed 
from resistive source. 


Rom 


g 


Fig. 2—Noise figure F vs. source resistance R, for the 
amplifier of Fig. 1. 


15 


Practical transistor amplifiers are rarely as simple 
as that shown in Fig. 1. It is, therefore, of interest to 
consider the effects on noise performance of typical 
associated circuitry. Fig. 3 shows the equivalent cir- 
cuit of a generalized transistor amplifier input stage 
which contains most of the features likely to be en- 
countered in a realistic amplifier: the input signal 
voltage E, may arise in a reactive source of imped- 
ance Z, = R, + 4X, and with thermal noise vp, = 
(4kTR,)'’?; the resistor R,; and its thermal noise 
Uni = (4kTR,)1/ accounts for any biasing arrange- 
ment to the base of the first-stage transistor, such as 
the usual potential divider; the resistor Ry and its 
thermal noise vy2—= (4kTR2)? accounts for any 
emitter degeneration caused by un-bypassed emitter 
resistance; and the generators U,, Uy, and U, account, 
respectively, for bias resistor bootstrapping, feedback 
to the base, and feedback to the emitter, all propor- 
tional to the complete amplifier output voltage E. It is 
assumed that all noise sources following the first-stage 
transistor may be neglected. 

Let it first be supposed that the signal source is 
purely resistive, thus X, = 0. The noise figure F’ of 
the complete amplifier may be computed with greater 
complexity than difficulty, and is found to show a 
minimum value F,,’ when the source resistance has an 
optimum value of R,,,’. These quantities may be ex- 
pressed in terms of the corresponding quantities F,, 
and R,», for the simple CE transistor (defined above) 


NIH 


1 F (Re/Rgm)? Sie Ro/Rne 


Wgucs 

R =|] (1+ Re/Ri)? + (Fegm/ 13)? (4) 
gm + (1 + Ro/R1)Rgm?/RiRne) 

F,,’ — 1 


Bee ie mer te (5) 
Pa = 1 deep, io pee Tia, Ry Rene 
Although interpretation of the above equations is 


somewhat laborious, one conclusion is immediately 
obvious: neither R,,,/ nor F,,’ depends on any of the 


Transistor 


Feedback 


Fig. 3—Generalized transistor amplifier fed from re- 

active source, including input (base) shunt resistance 

and emitter degeneration resistance with thermal noise, 

also feedback generators which are functions of ampli- 
fier output voltage. 
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feedback generators U. The importance of this resulf 
may be emphasized by stating it in other words: th 
input impedance and the gain characteristic of th 
amplifier are strongly dependent on any feedback, but 
the minimum noise figure attainable and the optimur 
source resistance to provide it are unaltered by feeds 
back and remain the same as when no feedback ig; 
applied. 
It is seen from Eqs. (4) and (5) that the only clex 
ments causing R,,,’ and F,,’ to differ from R,,, and F, 
are the resistors R, and R». In order to obtain a clearer 
understanding of their effects, it is convenient to con 
sider the modifications introduced by R,; and Re sepas 
rately. If, first, R2 = 0, Eqs. (4) and (5) reduce to 


ica oP St 3 
Reha R? Ris 


sh ip 12 
ies <, 1 a te Ry y Sepiee 


It is seen from the above results that Ry,’ > Rym and 
F,,’ = F, that is, the presence of R; always increases 
the minimum noise figure and decreases the optimum 
source resistance necessary to achieve it. 


Rom = 
: ie (R, =0) 


Re 
Wa 


Fm = 3.db 
Rgm = 1kQ 


(R, = @) (Rpe= 0.5 kQ) 


As (I), but neglecting thermal noise in 
R, and Re (independent of Fmand Rom) / 
7 


5 

0.01 005 Ol 0. 
Row 3 Re. 5 I 5 10 
R, Rom 


Fig. 4—Optimum source resistance R,,,/ as a function 0 
R, or R,. Neglect of thermal noise generated in R 4 
and R, introduces only small error. 


Figs Tess ne 
Fy 1: 1 (Ry + RB. 
Fol Rees om) 


from which it is seen that R,,,’ > Rym-and F,,’ > Fil 
that is, the presence of R, always increases the ae si 
mum noise figure and increases the optimum source) 


resistance necessary to achieve it. 


@ The similarity between the pairs of equations (6), 


7), and (8), (9) suggests that a single graph with 
/ppropriate variables could be drawn for the corre- 
joonding equations in each pair. Curve 1 in Fig. 4 
mows Eq. (6) or (8) plotted for the special case of a 


ita 


z: Basistor with F,, — 2. (3 db) and Ryn = 1k,-for 


if hich fae — 05k from Eq. (3). Curve 1 in Fig. 5 
thows Eq. (7) or (9), for the same transistor, plotted 


& Equations (6) and (8) may be simplified if the 


thermal noise generated by R; and Rz» is neglected. 


R 4 R 
ea ah or Ran Rie for 


Ron= 'KO 


(1) (Fi -F,) vs. 

F,,= 3db, (Rye = O.5kQ) 
(2) As (1), but neglecting thermal noise in 
2 R, and Rz (independent of Rom) 


(3) As (2), but F,= 6db 


As (2), but F,, = 1O0db 


oF 


Fig. 5—Increase in minimum noise figure caused by R, 


or R.. Neglect of thermal noise generated in R, and R, 
introduces only small error, 


| This approximation is equivalent to omitting the 
terms in R,,, in Eqs. (6) and (8), and is easily shown 


to be valid if R,. >> Ron/2 or if Fn >> 2 (3 db) 
which is the same condition. To indicate the error in- 
troduced by this approximation, curves 2 in Figs. 4 
and 5 show how curves 1 are modified when the terms 
in R,,, are neglected in Eqs. (6) and (8). It is seen 
that the error is greatest when R,,,/R, or R,/Ry» is 
equal to 1, and that the maximum error is 30% in 


itom/ Fy or Ro/Rym, and 0.7 db in (F,’ —F,). It 


should be noted that curves 1 and 2 in both Figs. 4 


and 5 are for F,, — 2 (3 db) which hardly satisfies the 
validity condition for the approximation, and even so 
' the error is tolerable. It may be concluded, therefore, 


that in most practical cases the thermal noise due to 


| R, and R» may be neglected in computing the noise 
figure of the circuit, in which case Eqs. (6) and (8) 


reduce to 


(10) 


25 


20 Mises 


=¢--+F.=7.5db 


Ike Noise Figure, db 


Rgm= 0.63 ka 


Predicted Values 


Curves = 
= Measured Values 


Points 


0.5 | 
Rg ’ kQ 


5 10 


Fig. 6—Comparison between predicted and measured 

noise figure curves as functions of source resistance, for 

resistive source and R, — 0. Thermal noise generated in 
R, was neglected in computing the predicted curves. 


for all transistors, and curve 2 in Fig. 5 is independent 
OL Sie 

Some further conclusions may be drawn from Figs. 
4 and 5: if Ri >> Rom or if Re << Rym, Rom’ is little 
different from R,,,, and F,,’ is little greater {nani ye 
Since R,,, is usually of the order of 1k, these condi- 
tions are usually realized in practice and the mini- 
mum noise figure is not much greater than the mini- 
mum possible. If Ri << Rym or if Re >> Row tue 
tends to R; or to Rs as appropriate, and the minimum 
noise figure is appreciably greater than the minimum 
possible. Further, as shown in curves 3 and 4 of Fig. 5, 
the greater the value of F,, for the transistor, the 
greater is the increase above F,,, in the noise figure of 
the complete circuit. 

To check the validity of the results described, ex- 
perimental measurements of the 1 ke noise figure 
were made for various values of R; and Rz and com- 
pared with the predicted values. The procedure was 
as follows. Measurements of the noise figure F of a 
since CE transistor as shown in Fig. 1 were made as 
a function of source resistance R,. These points 
should satisfy the relation 


(F'n = 1) (R, = Rom)” 


2 Rigen 


FP =F, + (12) 


The line shown in Fig. 6 (for Ri 0) or in Fig. 7 
(for Ry — 0) is the best fit with the experimental 
points which also satisfies Eq. (12). From this “best 
fit” line, the values of F,,, and R,,, for the experimen- 
tal transistor at the particular operating point chosen 
were found to be Fm = 5.62 (7.5 db) and Ron == 


for R. = 0, and 0.63 k. 
Ren’ Ro? \? In the presence of Rj, the noise figure of F’ asa 
= (: “5 7) (11) function of source resistance R, should satisfy the re- 
5 Ram Kam lation 
for R, = ~. A further advantage of making the ap- (F,! — 1) (Ry — Ros’)? 
_ proximation is that curve 2 in Fig. 4 is now inde- wy ieee sas. ios gpa Pad as (138) 
pendent of F,,, and Rym, and is hence a universal curve 21 + Rom’ /R1) Ra 
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: 


where F',’ and Ryn’ are given by Eqs. (7) and (10) 
respectively. Fig. 6 shows Eq. (13) plotted for three 
values of R;, and it is seen that the experimental 
points agree quite well with the predicted curves. It 
should be noted that thermal noise in Ri was neg- 
lected in computing the curves, and the agreement 
between the measured and predicted results is further 
evidence of the validity of the approximation. 

In the presence of Rs, the noise figure F’ as a func- 
tion of source resistance R, should satisfy the rela- 
tion 


Ca 1) 
2(1 + Re/Rgm’) 


where F,,’ and R,»,’ are given by Eqs. (9) and (11) 
respectively. Fig. 7 shows Eq. (14) plotted for two 
values of Rs, and again the agreement between meas- 
ured and predicted results is good even though ther- 
mal noise in Rz» is neglected. 


(R, Ti, ee 
Rohe 


iid pam (14) 


Amplifier Signal-to-Noise Ratios with Reactive Sources 


If the signal source impedance contains a re- 
active component, the spot noise figure of the com- 
plete amplifier will vary with frequency. Indeed, if 
the source is purely reactive, noise figure becomes 
meaningless. In such cases a more useful measure of 
noise performance is the signal-to-noise ratio So at 
the amplifier output. More precisely, Sy may be de- 
fined as the ratio of the signal power in the load to 
the total noise power in the load. In general, the 
signal power in the load will depend on the chosen 
frequency fo, the source voltage at fy, and the overall 
amplifier gain at fo. The total noise power in the load 
will depend on the noise properties of the first-stage 
transistor and associated circuit elements, any noise 
from the signal source such as its own resistive ther- 
mal noise and noise brought into the system along 
with the signal, and on the overall gain versus fre- 
quency response of the complete amplifier. 

The equivalent circuit of the generalized amplifier 
shown in Fig. 3 will again provide a suitable founda- 
tion for discussion, except that the complex character 
of the source impedance Z, — R, + jX, will be re- 
tained, and in accordance with the results of the pre- 
vious section the thermal noise generators v,, and 
Vn2z Will be omitted. An input transformer may also be 
included in which case E,, vn», and Z, are source 
parameters referred to the secondary. The output 
signal-to-noise ratio S) at a frequency fy may be 


shown to be 
( 2E a0? 
AKT Rom (Fim — 1) 


zs [(#+h+#) ci 
0 Bice | R, 
1 


1 Z 
alata Zp + Rs (1 +4) 


Gh) f 
Gf) 


df 
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where E,o is the open-circuit source voltage at fred 
quency fo, G(f) = E/E, is the overall voltage ga ng 
and Rom, Fm, and Rye are the noise parameters of th 
first-stage transistor as previously defined. It is agi 
sumed in the above result that there is no noise in the} 
signal source other than that due to its internal retg) 
sistance R,, and, as mentioned earlier, that the trans 
sistor noise generators vn, and i,, are independent ofay 
frequency. If desired, 1/f frequency dependence ofqy 
one or both of these generators could be introduced 
with considerably greater complexity in the result. 

It is to be noted from the above result that the outs 
put signal-to-noise ratio is independent of the ampligy} 
fier input impedance and of any feedback excep} 
insofar as these parameters influence the gain char 
acteristic G(f)/G(fo)-. , 

A special case of considerable practical interest: 
occurs when the signal source is essentially a pure 
inductance, that is, R,>0 and X,—-2xfL,. A typicale 
source of this type would be a magnetic tape repro- 
duce head or a magnetic phonograph pickup. Unders 
this condition, Eg. (15) may be written 


2M 
Ce = :) 2rL Ram 
So =—< 


Fig? Cie Vv + (27L,) 2(',2A ae 


in which M is a “source parameter” defined as 


E,0? 
— SakTfo2Lg 


A 


A, and A», are “gain parameters” defined by 
|G j2 4 
Foes: ( | (f) u) 
fo 0 | 
G(f) 


G (fo) 
u=2(f rar) 
fo 0 G( fo) 


and C, and Cy» are “circuit parameters” defined by 


(19) 


Some properties of the “source parameter” M ares 
of interest. Consider a magnetic tape head containing: 
N turns of wire of negligible resistance. If the head is¢ 
stimulated by a tape recorded with constant flux# 
amplitude at all frequencies ¢ — ® sin2zxft, then the! 
open-circuit voltage of the head will be proportional| 
to the frequency and to the number of turns: 


d 
Beene 


~ N. 
dt yj 


(22) 


: swever, the inductance of the head is proportional 
the square of the number of turns: 


| L, ~ N? (23) 


fe above relations assume no leakage flux and that 
4): head gap is small compared to the recorded wave- 
digth. It follows from Eqs. (22) and (23) that the 
Wantity E,°/f?L, is independent of frequency and 
fe number of turns, and hence of the inductance, if 
b tape is recorded with constant flux amplitude. 
Ynilarly, for a phonograph pickup the same remarks 
ply if the disk recording characteristic is constant 
hplitude at all frequencies. Even if the recording 
aracteristic is not constant amplitude, E,°/f*L is 
Il independent of the inductance though not of 
>quency. 

It follows, therefore, that the “source parameter” 
may be rewritten 


E? 
 SakT PL, 


I (24) 
id may be called a Figure of Merit for the source 
hich is independent of its inductance and also, in 
srtain circumstances, of frequency. A definition of 
re Figure of Merit in physical terms may be ex- 
ressed as follows: 


ur 2(max. available signal energy in | cycle) 
M = ; 


thermal energy in 1 cycle 


‘he source Figure of Merit is a dimensionless number 
hich may for convenience be expressed in db. 

Attention may now be returned to Eq. (16). The 
utput signal-to-noise ratio Sp is seen to be a function 
if the source inductance L,, and since it has been 
hown that M is independent of L, it follows that So 
xhibits a maximum value So, when the source in- 
luctance has an optimum value Lyn, where, from 


gq. (16) 
ee At. 


= (25) 


7 M 
Ge a 1)A 1A2C1C2 


Som (26) 
e optimum source inductance Lym is, of course, 
independent of the frequency fo at which Sp is deter- 
mined, while So is not, in general, independent of fo. 

It has thus been shown that an optimum source 
inductance exists for which a maximum output 
signal-to-noise ratio is realized, and expressions for 
these two quantities have been given in terms of a 
‘source Figure of Merit, the first-stage transistor noise 
parameters F,, and Rym, amplifier overall gain param- 
eters, and circuit parameters containing only the 
resistors R; and R2 shown in Fig. 3. The results are 
easily applied to practical design problems to deter- 
mine the maximum attainable signal-to-noise ratio 
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Fig. 7—Comparison between predicted and measured 
noise figure curves as functions of source resistance, for 
resistive source and R, — «. Thermal noise generated 
in R, was neglected in computing the predicted curves. 


and the required source inductance. For a given 
source, it is of course usually more convenient to 
match the existing source inductance to the optimum 
value by a transformer than to redesign the trans- 
ducer. 

Some typical figures will help to give insight into 
the magnitudes involved. Suppose a transistor ampli- 
fier is to be designed to provide constant output at all 
frequencies between f; = 50 cps and fz = 10 ke from 
a magnetic tape recording. It is desired to find the 
maximum attainable signal-to-noise ratio and the 
optimum source inductance given that the first stage 
transistor has F — 4 (6 db), Rym = 1k, and that the 
tape head has an inductance of 3 mh and provides an 
output of 0.6 mv at 1 ke. 

Insertion of the given figures for the tape head into 
Eq. (24) leads to a value for the Figure of Merit of 
M -= 1.2 x 10° (91 db). It remains only to find the 
“circuit parameters” and the “gain parameters.” To 
take a case worse than would probably occur in 
practice, suppose that in the circuit of Fig. 3 Ry = 5k 
and R. — 1k. Use of Eqs. (20) and (21) leads to 
Cy = (141, Co = 1.22 (note that C; = C. = 1 if 
R, — « and R, = 0). To find the “sain parameters,” 
the gain characteristic must be determined. Since the 
tape recording is constant amplitude, the open-circuit 
output voltage of the head will fall as the frequency 
rises at 6 db per octave, and since an amplifier output 
voltage constant with frequency is required, the in- 
verse characteristic must be provided in the ampli- 
fier. Hence |G(f)/G(fo)|? = (fo/f)?, and if for sim- 
plicity it is supposed that sharp cutoff occurs at a 
low frequency f; and a high frequency fo, use of Eqs. 
(18) and (19) leads to Ay = 1/fi1/2, Ao = fol/?. With 
f, — 50 eps and fz = 10 ke as given, use of Eqs. (25) 
and (26) leads to Lym = 260 mh, Som = 72 db, where 
the signal-to-noise ratio is in this case independent of 
signal frequency chosen because of the output char- 
acteristic specified. Thus an output signal-to-noise 
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Fig. 8—Comparison between predicted and measured 
signal-to-noise ratio as functions of source inductance. 
Source Figure of Merit taken as M— 10° (90 db). 


ratio of 72 db can be realized if the number of turns 
on the tape head is increased to make its inductance 
260 mh, or alternatively if a step-up input transformer 
of turns ratio (260/3) /* = 9.3 is used with the given 
head. 


Experimental Results for Inductive Source 


An experiment was performed to verify the theo- 
rectical prediction that a maximum signal-to-noise 
ratio exists for an optimum value of source induct- 
ance. Since the source inductance was to be varied, a 
high input impedance to the transistor amplifier was 
desired so that the gain function |G(f)/G(fo)|? should 
not change with source inductance. The signal-to- 
noise ratio Sp at 1 ke as a function of source induct- 
ance L, was determined theoretically and experi- 
mentally as follows. 

A transistor feedback amplifier was constructed 
with a constant voltage gain between low and high 
frequency roll-offs of 12 db per octave, the break 
frequencies being approximately 100 cps and 5 ke. The 
first stage of the amplifier contained the same transis- 
tor, at the same operating point, whose noise char- 
acteristics are shown in Figs. 6 and 7. The input im- 
pedance was not less than 2 megohms throughout the 
passband. The resistor R, was negligibly large, and 
R» was 1k. Since Rym = 0.63k and F,, — 5.6 (7.5 db), 
the circuit parameters can be found from Eqs. (20) 
and (21) to be C, = 1.88, C. — 1. By use of Eqs. (18) 
and (19) and straight-line approximations to the 
gain characteristic, the gain parameters may be found 
analytically to be A, ~ 0.082 (cps)-%%, As ~ 410 
(cps)? at fo = 1 ke. Numerical integration of the 
measured gain characteristic led to more accurate 
values of A; = 0.076 (cps)-% , As — 420 (cps) 2, and 
it may be noted that the approximate analytical 
values are quite adequate for practical applications. 
If an inductive signal source with a Figure of Merit 
M = 10° (90 db) at 1 ke is assumed, Eqs. (25) and 
(26) predict that the amplifier should exhibit a max- 
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imum signal-to-noise ratio Som —65.7 db when ther 
source inductance has an optimum value Ly, = 
0.0343 h. q 

Experimental measurements of output signal-te 
noise ratio were made on the amplifier with a tru 
rms voltmeter. The signal source was a simulated: 
magnetic tape head consisting of a variable induef 
ance L, in series with a 1 ke voltage E, from 
oscillator whose magnitude was adjusted to maintainj 
a constant Figure of Merit of 90 db: thus, from Eg 
(24), E,?/L, = 1.03 x 10+ v?/h. The results Game 
shown in Fig. 8, in which the solid curve is the pre 
dicted 1 ke signal-to-noise ratio as a function om 
source inductance with Som — 65.7 db and Lym 
0.0343 h. The points are the measured values ob 
tained with the dummy inductive source. The agrees 
ment between predicted and measured values 
quite close. 


Conclusions 


The noise performance of transistor amplifier cira 
cuits fed from resistive and reactive sources has bee iH 
discussed. 

For resistive sources, it has been shown that a 
minimum noise figure exists for an optimum source! 
resistance, that these quantities are independent of 
any feedback, but dependent on equivalent input 
shunt resistance and on equivalent emitter degenera= 
tion resistance in the first stage CE transistor. The 
presence of these two resistances increases the mini- 
mum noise figure, but the degradation is only slight 
with resistance values easily achieved in practice. 

For inductive sources, such as a magnetic tape head: 
or a magnetic phonograph pickup, it has been sho 
that a Figure of Merit can be ascribed to the sourcell 
which is independent of its inductance. It has further 
been shown that a maximum signal-to-noise ratio is 
attainable at the amplifier output for an optimum 
source inductance. Expressions for these two quanti- 
ties have been given in terms of the source Figure of 
Merit, first-stage transistor noise properties, circuit! 
parameters and gain parameters. Typical figures and 
experimental results in close agreement with theo 
have been presented. 

It is to be emphasized that the criteria for best 
noise performance, whether the source is resistives 
or reactive, are in no way connected with the criterias 
for maximum power transfer from the source. 
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HERE IS AT present a steadily increasing interest 
in switching devices for use in computers, sweeps, 
dustrial controls, etc. The operation of switching 
evices is based on the presence of two distinct states 
on-off, high-low, conducting-nonconducting states, 
oth sometimes connected by a transition region such 
Is a region of negative resistance. Such switching 
‘evices can be of the two-terminal type, or they can 
ave a third terminal which serves as a control or 
rigger electrode. 

This paper will describe the construction of a sim- 
jle 3-terminal unit consisting of a germanium base 
lab and two alloyed junctions respectively for the 
smitter and collector. This unit has been obtained by 
nodifying the composition of the alloying pellet to 
sive the unit properties similar to those of a point 
sontact or a thyratron transistor, namely, a diode 
reverse current changing with voltage and an @ 
greater than 1; at the same time the junction con- 
serves a satisfactory hole (or electron) injection 
efficiency. 

The materials used for both pellets (emitter and 
collector) can be modified to give a set of switching 
characteristics, or only one of the pellet materials can 
be modified to give a different set of switching char- 
‘acteristics. Consequently, there are two different units 
with their respective switching properties. 


Operation of the Unit 

| When the collector and/or emitter are made of the 
‘modified materials, they have diode characteristics 
similar to those shown in either Fig. 1a or Fig. 1b 
which depict a discontinuity in the reverse diode 


characteristics. 
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“Trisistor” — An Alloyed Junction 


Trigger ‘Transistor 


ADOLPH WOLSKI* 


Thyratron-like characteristics are observed in alloyed-junction transistors when alloying 
pellets of a modified composition are used, containing both suitable donor and acceptor 
elements. In a reverse-biased grounded-emitter circuit, very fast (10-20 millimicroseconds 
for small units, 200 millimicroseconds for large units) switching from a low-current “oft” 
state to a high-current low-voltage (— 1 V) “on” state can be obtained, the triggering 
voltage being a function of the base input current. Due to some peculiarities of the 
grounded base characteristics, particularly simple relaxation oscillator circuits can be 
developed for these units. 


4MA 


19 Vs 10 


-S0V 


—100V 


—150V 


0.20 MA 


Fig. 1. Diode curves. (A) and (B) show diode curves 
of pellets made with modified materials. (C) shows 
conventional diode characteristics for p-n junctions. 


The voltage-current characteristics between the 
emitter and the collector are shown in Fig. 2. 

When one of the pellets is made of the modified 
material and the other pellet is a conventional p-n 
alloy junction, the modified pellet will have a diode 
characteristic as previously described and the other 
pellet will have a conventional diode characteristic as 
shown in Fig. 1c. The V-I characteristic between 


an 


Fig. 2. Breakdown between two modified pellets with base open. (A) breakdown, (B) and (C) variations — 
of switching breakdown. 


Fig. 4. Operation of the alloyed junction thyratron 

transistor in grounded emitter circuits. (A) schematic 

of designations, (B) asymmetric, (C) symmetric units. 

Typical values for small units: 

I,=0.5 mA; V,, (trigger) 30 V; I,=1 mA; V,, (trig- 

ger) 50-60 V; I, (“on” current) for small units —50 mA; 
for large units ~ 1A. 
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these two pellets is shown in Fig. 3a or b. From all of 
these curves, it can be seen that a breakdown exists. 
between the two pellets for very low voltage. 

The voltage at which breakdown occurs between 
the two pellets can be controlled by the use of the base 
contact of the unit as shown in the schematic diagran 
of Fig. 4. When the base bias I, is such that the emit- 
ter is reverse biased, the V-I characteristic for a unit 
which has been made with one modified and one con-. 
ventional pellet is shown in Fig. 4b. 

The operation of a unit constructed with only the 
collector pellet C made of the modified material can) 
be explained as follows: If the base connection is: 
open, then the emitter E is forward biased with re-. 
spect to collector C (positive for a p-n-p unit). Be- 
cause the unit has a section in which rapid multipli-- 
cation of the carriers takes place, there is a bresk-- 
down at Vz ~ 1 V as shown in Figs. 3a or 3b. The- 
opportunity for multiplication is provided by a feed-- 
back loop which transfers the carriers from the col-- 
lector C to the emitter E where the carriers are- 
reinjected. 

If a positive bias is applied to the base B, for exam- 
ple, by connecting B to a constant-current generator, 
both the emitter and the collector are biased in the< 
reverse direction and no carriers can be injected at 
E and multiplied at C. The current I, is split into two! 
currents I, and I;. If Vs; is increased, making the: 
collector pellet more negative, I; will increase and Ip. 
will decrease. The amount of increase in I, will de- 
pend on the slopes of the diode characteristics in the « 
emitter and the collector junctions. As I, decreases, 
V, will also decrease. In the neighborhood of V, ~ 0,. 
the emitter junction becomes biased in the forward | 
direction, as if the base were open; injection starts ¢ 
and multiplication occurs at the collector. The multi- 
plied current is fed back through an external circuit : 
to the emitter where it appears as a counter current : 
to I,, thus driving the emitter junction more positive. | 
As I, is increased, the switching, due to a change from 
reverse to forward conduction at the emitter, is de-| 
layed and the voltage V; has to be increased to obtain | 
switching. Thus the base acts like the grid in a grid-| 
controlled gas tube. The switching operation described 
above can be seen in Fig. 4b. 


i 


sThe operation of the unit with two modified pellets 
jessentially the same as explained above but with 
ne additions. Hither the collector or the emitter can 
s| biased to inject holes. Consequently, for a circuit 
Gofiguration as shown in Fig. 4a, there are two 
ed points for one bias value, as can be seen 
@ Fig. 4c. 

| There are several observations which are pertinent 
i the transition between the “off” state and the ‘‘on” 


Ya) The voltage V;, (at which switching occurs) is 
Hfunction of the split-up of the bias current [,, 
4mely, I, and I;. 
‘b) The switching speed from the “off” state to the 
yn” state is very great. Switching speeds as high as 
7x 10° seconds were observed in the units. The 
itching speed will be further discussed in ‘a later 
ction. 
c) If V; and I, are so adjusted that the units are 
ose to the switching point, illumination of the unit 
Vill cause switching to the “on” state. The “off” state 
nll be reestablished as soon as the illumination is 
smoved. It was observed that, for a given I,, illu- 
ination decreases the V;, necessary for switching 
a proportion to the light intensity. 
d) For a given set of conditions (Vs, I,), a very 
mall increment of V; is required to switch the unit 
om the “off” to the ‘“‘on” state. 
A further interesting set of conditions is obtained 
vhen the units are operated in a common-base circuit 
vith the polarities normally applied to a p-n-p trans- 
stor as shown in Fig. 5a. Plotting again the collector 
roltage V,. vs the collector current I, for different 
values of I,, it can be seen (Fig. 5b) that for I, — 0 
there is a discontinuity in the reverse diode current as 
shown in Fig. 1. As the emitter current is increased, 
he discontinuity becomes more enhanced and the 
urves split in two sections corresponding to an “OuL 
and an “on” condition. The “on” curves “b” occur as 
1e voltage V, is increasing and changes to the “off” 
urves “a” when a certain critical voltage V, is ex- 
ceeded. Reversely, if the voltage V, is now decreased, 
e unit remains in the “off” state and goes into the 
“on” state “b” when the voltage drops back below 
the critical value. 

Measurements show that at low values of V, (to the 
‘right of the discontinuity), a < 1. Beyond the dis- 
‘continuity a > 1, approximately 2 to 5. 


Preparation of the Units 


‘We have found that devices of this type require that 
‘one or both pellets contain a mixture of donor and 
‘acceptor elements. We have also found that excel- 
lent results are obtained with devices using n-type 
germanium as the base and pellets containing gallium 
as an acceptor and antimony as a donor. Since gal- 
lium-antimony mixtures present difficulties in the 
alloying process, these two elements are preferably 
incorporated in a carrier such as indium or tin (or 
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a mixture of both). We have noticed that when in- 
dium-antimony mixtures alone (without gallium) 
were used, the resulting diode curves were ohmic or 
n-type even with very small (0.13%) amounts of 
antimony included. When In-Ga-As mixtures were 
used, the reverse resistance of the junctions was small 
and higher base currents I, were required to trigger 


Fig. 3. Breakdown between emitter and collector pel- 

lets with base open. (A) breakdown between a mod- 

ified pellet and a conventional pellet; the modified 

pellet is made negative; (B) same as (A) only with 
a switching breakdown. 


Fig. 5. Operation of alloy junction thyratron transis - 
tor in grounded base circuit. (A) circuit diagram, 
(B) experimental curves. 
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the device than in the case of junctions made with 
pellets containing an equal amount of antimony in 
place of the arsenic. It can be seen that for units made 
on an n-type germanium base, the segregation coeffi- 
cient of the acceptor should be larger than that of the : 
donor. | 
The devices were made in two sizes using n-type 
germaninum varying from 7 to 40 ohm-cm. The 
smaller size wafer was 0.075” wide, 0.075” long and © 
from 0.0015” to 0.004” thick. The pellets of modified 7 
material in this case were cylindrical in shape, 0.015” 
in diameter and 0.010” thick. For the larger size we 
used wafers 0.250” x 0.250” x 0.010” and the pellets 
were 0.156” in diameter and 0.020” thick. The ohmic 
F contact to the germanium comprised a tin-clad nickel 
0.01 O4 1.0 base tab. 
MICROSECONDS 


Fig. 6. Representative curves of V,, vs switching time. 
Curve a—‘small” unit; curve b—“large” unit. 


Switching Speed 

In Fig. 6 are shown switching times of the units, 
kindly determined for us by Mr. Jean Isabeau of 
Zenith Radio Corporation. Curve “a” represents the 
switching time of a “small” unit, curve “b” the 
switching time of a “large” unit. It can be seen that 
the switching time decreases with increasing voltage — 
Ves: 


8 


Temperature Dependence 


In Fig. 7 are shown some curves of V;, against I, 
taken at different temperatures. It can be seen that at 
pA inane 30 40 higher temperatures a larger base current is required 

V5 ‘ 
to obtain the same V4.. 


Fig. 7. V;, vs I curves for different temperature 
(unit 784) 

Circuit Applications 

The thyratron type characteristics of a three-ter- 
minal modified junction transistor are desirable in 
many circuit applications. The discontinuity in the 
reverse-bias characteristics of a diode modified junc- 
tion allows simple circuitry. The following examples 


Ae LOAD LINE 
SK a Ry, 


ox. 
LOAD SEINE =o 22s 


+ 
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(A) i 


Fig. 11. Trigger type circuit, (A) circuit diagram. (B) load lines. 
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meme 


Jig. 8. Two-terminal relaxation oscillator. (A) circuit 
1 diagram, (B) wave shapes. 


“how the use of the modified-junction units in various 
ircuit applications. 
Utilizing the discontinuity in the reverse-bias 
@haracteristics of a modified junction, a simple two- 
erminal oscillator can be constructed as shown in 
ig. 8. As the time constant of the R-C network is 
Mvaried, the frequency of oscillation varies. A second 
Function (modified or conventional) can be added to 
the unit in Fig. 8, as shown in Fig. 9. A synchroniza- 
Wtion frequency can be added to this third terminal to 
hange the free running oscillator into a synchronized 
oscillator. 
/ A capacitance can also be added between the third 
Sterminal and the common connection to form a relaxa- 
Stion oscillator as shown in Fig. 10. 

The thyratron characteristics of the three-terminal 
device can be used in the application of trigger cir- 
cuits. Monostable, astable, and bistable circuits can 
‘be constructed using a minimum number of compo- 
nents. By adjusting the load R,, in Fig. 11, either the 
monostable, astable, or bistable conditions can be 
established. 

Utilizing the symmetrical switching characteristics, 
switching can occur for either positive or negative bias 
polarities or for pulses across the two modified pellets. 

Units encapsulated in glass envelopes can be used 
for light sensitive switches, since the switching point 
V;. is proportional to the intensity of light impinging 
on the semiconductor surface. 

The circuits illustrated above were presented only 
to show the simplicity of circuit design; many other 
circuit applications are possible utilizing the switch- 

: ing characteristics of these devices. 


Fig. 10. Three-terminal relaxation oscillator. (A) cir- 
cuit diagram, (B) wave shapes. 


SEMICONDUCTOR PRODUCTS e JUL./AUG, 1958 


(0.5 Volts per 


Vo= 


Fig. 8B. 0.1 Msec per pip. 


R= 2180 
C= 0.001 mf 
E= 22.5 Volts 


Vo= (0.5 Volts per Division ) 


Fig. 10C. 0.1 usec per pip. 


R= 7500 

C=0.22 mf 

E= 22.5 Volts 
| 


Vo=(0.5 Volts per Division ) 


Fig. 10B. 0.1 Msec per pip. 
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Ten Megapulse Transistorized Pulse 


Circuits For Computer Application 


W. N. CARROLL* and R. A. COOPPER* 


This article describes a group of transistorized computer circuits which combine the 
simplicity of Direct Coupled Transistor Logic and the speed of more complex gichat aaa 
These 10 megapulse transformer coupled circuits were designed for an experimenta 
computer which combined pure pulse techniques and parallel computer organization. 
The pulse system discussed herein makes use of novel circuit techniques which minimize 
the component count and allows the logic to be performed without the extensive use of 
delay lines. The non-saturating circuits which produce 1 volt, 40 millimicrosecond pulses, 
use p-n-p drift transistors, a single power supply, and drive into matched lines. Four 
basic circuits, the AND, OR, Storage, and Amplifier are used to perform all the neces- 
sary logical functions. 


computer for military applications, the Military 
Products Division of IBM initiated early in 1957, a 
program designed to evaluate the various different 
transistorized computing circuits. The investigations 
consisted of compiling a list of all the circuit char- 
acteristics considered important to reliable high speed 
computers such as the component count, the driving 
capability, ease of maintenance, speed, etc. The cir- 
cuits were then rated against these characteristics in 
order to determine the most desirable computing 
circuit. One of the circuit types investigated was the 
Pure Pulse Circuitry, that is, all data are in the form 
of pulses which are short compared to the repetition 
period: two distinct stable d-c states do not exist. 
Logically these circuits can represent a 1 by a pulse 
and a 0 by the absence of a pulse. While it is true 
that previous machines have been built using pulse 
techniques the data handling has been, in general, a 
serial process. In order to process data serially and 
to compete favorably in speed with present day 
parallel techniques, a pulse repetition rate in excess 
of the operational parameters of present day transis- 
tors would have been required. However, since pulse 
circuits did offer many advantages, a program was 
embarked on to investigate the potential of pulse 
circuitry in a parallel organized computer. The initial 
investigation proved very encouraging and it was 
decided to demonstrate the feasibility of the parallel 
pulse mode with a small model. To simulate accu- 
rately the problems of a large scale computer, the 


[: ORDER TO develop a reliable high speed digital 
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model was to consist of all the basic computer parts: 
Arithmetic Unit, Control Section, Memory, Input- 
Output. It was also decided that the size of the model | 
be limited to that which could provide a maximum 
amount of data with a minimum outlay of money and — 
manpower. Because large machine word lengths are — 
usually broken into octal bits, we used a 2 octal bit | 
word length, that is, 6 bits plus a sign bit. The logical | 
layout for this model is shown in Fig. 1. 
The upper left hand corner of Fig. 1 is the Program 
Memory of the model. Pulse information is fed into 
the system at this point and is controlled by a Pulse 
Type Program Counter, a Decoder, and an IBM 
punched card. The upper right hand corner of the 
illustration shows a Data Memory consisting of 16 
DC Flip Flop Storage registers and a Pulse Type 
Memory Address registers and Decoders. In the lower 
left hand corner is the Control Section. Three bits of 
the word length are used to provide the 8 instruc- 
tions used. This information is transferred in parallel 
to the operation register and is decoded. A synchron- 
ized time pulse distributor is then used in conjunction 
with the decoded information to activate the com- 
mand lines. The Arithmetic Section is located in the 
lower right hand corner of the figure. Data is fed in 
parallel from the Data Memory or the Load Gates 
into the A Register. The A Register can, in turn, 
transfer information into the accumulator. The adder 
is operated in parallel allowing a carry 1 or a carry 
0 to ripple through the adder in order to attain the. 
correct sums, which are then placed in the accumu- 
lator. Multiplications are performed by a series of 
adds occurring at a repetition rate of 10 megacycles. 
The B Register allows for the storage of the double 
word length arising from multiplication. Shifts right 
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'd left, complements and transfers can be performed 
(the Arithmetic Section. 
‘Having specified the logical functions of the model, 
‘listing of specifications and ground rules was set up 
’ order to guide the circuit design. The specified 
sjound rules are (1) one power supply (—10 volts), 
; 1) diffused base transistors (PNP), (3) 10 mega- 
yilse, (4) branching (six), (5) minimum number of 


| (8) maximum junction temperature 
30°C) and (9) minimum use of delay lines. A dis- 
jussion of these ground rules follows. 

To eliminate the need for On, Off voltage sequenc- 
ig, to improve reliability, and to reduce the power 
fjuipment, only one power supply was allowed. The 
Walue of this supply was determined by the require- 
Ments of the circuits and the transistor specifications. 
#f. repetition rate of 10 megacycles was required, 
Jence a high frequency p-n-p diffused base transistor 
as used. A study of previous machine circuits and 
eir driving problems indicated that a circuit with a 
ranching or driving ability of 6, would meet better 
Dhan 85% of all driving requirements. To minimize 
Hircuit complexity and to improve reliability, a direct 
roupled circuit utilizing a minimum of components 
@was desired. At 10 megacycles it was felt that signal 
ransmission would have to take place over coaxial 
ines. Accordingly, subminiature 70-ohm cable was 
sed. The requirement to drive 6 terminated coaxial 
lines in parallel placed an equivalent 11-ohm load 
at the circuit output. If only 3 or 4 coaxial lines were 
driven in parallel, appropriate terminating resistors 
ould be placed across the circuit output to keep the 
load constant. 

To obtain 10 years of transistor life, it was decided 
hat the transistor must be limited to a peak junction 
temperature of 60°C. Below 60°C chemical action 
within the germanium would be held at a minimum. 
This specification was arrived at through the com- 
bined efforts of IBM’s component reliability group, 
‘and the transistor manufacturer. To meet this specifi- 
cation with an ambient temperature of 45°C, we lim- 
‘ited the peak power dissipation to 80 mw. and the 
average power to 20 mw., at 10 mc. Previous pulse 
machines used numerous delay lines to avoid timing 
‘problems. The pulse model logic however is arranged 
so as to minimize the use of delay lines in order to 
reduce cost and size. Using these ground rules the 
pulse model circuits were designed. 

Figure 2 includes the schematic of the Basic Pulse 
Amplifier. To limit the power dissipation within the 
transistor and to keep the device out of saturation 
while providing suitable inputs to the next stage, an 
8:1 inverting type transformer utilizing a small to- 

-roidal ferrite core material was designed. 

The resistor in the emitter circuit provides negative 
degeneration in order to minimize the dependence of 
the circuit performance upon variations in gain. The 
input, a standard 1 volt negative pulse, produces a 
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PULSE SYSTEM DIAGRAM ° 
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Fig. 1—Parallel System Diagram. Depicts the organiza- 

tion of a parallel (six bits plus sign-word length), 10 

megapulse, transistorized, one complement system, 

single address machine. The machine also has eight in- 

structions, 16 words of data memory and 32 words of 
program memory. 


BASIC CIRCUIT CHARACTERISTICS (1) 
Typical Pulse Width 
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Fig. 2—Basic Circuit Characteristic (1). Shown with the 

basic circuit is the pulse width transfer characteristic. 

Maximum allowable width within the model is 40 milli- 
microsecond. 


positive 8 volt pulse on the primary of the trans- 
former which in turn generates a 1 volt negative pulse 
at the output of the secondary. By limiting the volt- 
age on the collector to an 8 volt pulse (by the action 
of the degeneration resistor, and the transformer re- 
actance), the saturation region is not entered. To op- 
erate successfully at 10 mc., the pulse width had to 
be short with respect to the pulse period. A maximum 
pulse width of 40 millimicroseconds or 40% of the 
pulse period was used. 
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BASIC CIRCUIT CHARACTERISTICS (2) 
Pulse Amplitude and Delay 
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Fig. 3—Basic Circuit Characteristic (2). Shown is the 

variation in pulse amplitude from the ideal and unity. 

Pulse delay is plotted for varying input amplitude. The 
delay is not a function of frequency. 


BASIC CIRCUIT CHARACTERISTICS (3) 

Pulse Propagation 
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Fig. 4—Basic Circuit Characteristic (3). Pulse propaga- 
tion time for a pulse passing through nine series pulse 
amplifiers. 


BASIC CIRCUIT CHARACTERISTICS (4) 
Power Measurements 
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Fig. 5—Basic Circuit Characteristic (4). Power measure- 
ments—shows the dynamic I,, V, transistor character- 
istics of the circuit during application of the 40 milli- 
microsecond, —1V pulse. Maximum peak power of 80 
milliwatts was experienced in the transistor. 
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In order to maintain the pulse shape, the circuit 
was designed to narrow the applied pulse. On the 
right hand of Fig. 2 is a typical transfer characteristi¢ 
for pulse width. This characteristic is plotted for g 
constant one volt amplitude input. Pulse widths larger 
than 20 millimicroseconds tend to narrow. 

Figure 3 shows the voltage transfer characteristie 
of the pulse amplifier. Ideally, one would desire a 
constant output amplitude for any input greater than 
the specified value, and a zero output for inputs below 
this value. This type of characteristic is shown in the 
dotted lines. An attempt was made to design the cir 
cuit characteristics as close as possible to the ideal, 
The solid line shows the actual curve obtained. It can 
be seen from this characteristic that input pulses 
greater than 0.6 volts will produce output pulses 
which tend toward 1.2 volts. The lower portion of the 
curve is a result of the input characteristics of the 
transistor. The upper portion is a result of the tran 
former reactance. ; 

On the right hand side of Fig. 3 are the circuit delay 
characteristics. To provide logical functions without 
the use of delay lines, it is necessary that all the cir-= 
cuits have relatively constant delays. The constant} 
delays determine the time of arrival of pulses at sub- 
sequent circuits. The variation of all the circuits from 
maximum to minimum, while operating under worst 
conditions, is only 7 millimicroseconds. This delay is a 
result of input amplitude, and is independent of pulse - 
width and frequency. The delay is a result of three : 
specific delays, (1) the transformer which is approxi- 
mately 1.5 millimicroseconds and a function of the * 
placement of the windings, (2) the transistor which ; 
is approximately 5 millimicroseconds, and (3) the de- 
lay in overcoming the base input threshold voltage. It 
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BASIC CIRCUIT CONFIGURATIONS 


FIGURE 6 


Fig. 6—Basic Circuit Configurations. Basic circuits of 
AND, OR, and logical blocks are shown. These three 
circuits are capable of performing most of the pulse logie | 

for the machine. 


| 


=o, and horizontally, 20 millimicroseconds per di- 
ion. The input pulse is approximately 0.6 volts in 
mplitude and 50 millimicroseconds wide. The first 
‘Wr circuits tend to narrow the pulse and increase 
2 amplitude. 

e output of the fourth stage is a 1 volt 20 milli- 
“ea.croseconds pulse, which propagates through the re- 
dining 5 circuits without further changes. The delay 
rough the system is 85 millimicroseconds with the 
aximum circuit delay of 10 millimicroseconds and 
He minimum delay of 8 millimicroseconds. 


- OND CIRCUIT CHARACTERISTICS 
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Fig. 7—AND Circuit Characteristics. This curve presents 
the asynchronous input variations which permit accept- 
able operation for the three-way AND circuit. 


To keep the power dissipation within the limits 
S specified in the ground rules, it was necessary to make 
dynamic measurements of collector power. The dy- 
‘namic load lines of the various circuits were re- 
corded. Shown in Fig. 5 is the dynamic load line for 
|the Basic Pulse Amplifier. The curve shows a peak 
power occurring at approximately 80 milliwatts on 
1 the leading edge. The average power for this pulse 
is below 20 mw at 10 mc. The direction of the curve 
# shown here indicates a capacitive load. Capacitive 
» loads in the system generally arise from collector ca- 
| pacitances of other (OR) circuit inputs, inputs to the 
storage circuit, and strays. If the load on the tran- 
_ sistor were inductive, the direction in which the load 
is traversed would be in the opposite direction and 
' the power would occur at the trailing edge of the 
/ pulse. 

' The Basic Pulse Amplifier as described in Figs. 2 
} thru 5 is used to form all the logical circuitry of the 
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PULSE STORAGE CIRCUIT 
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FIGURE 8 


Fig. 8—Pulse Storage Circuit. Inputs to Q2 charge Cl 

and produce an output. C1 will retain this charge and ex- 

hibit further action by Q2 for 10 «sec. or until an input 
to Q1 removes the charge. 


computer. Fig. 6 shows typical circuit configurations: 
OR circuits are formed by paralleling transistors, 
AND circuits by series connections. A maximum of 
10 parallel or 3 series connections is allowed. Various 
direct coupled logical block circuits can also be 
formed. 

One of the biggest problems in dealing with pulse 
type computing circuits is the synchronization of 
AND circuit inputs. It is at this circuit that pulses 
must arrive at closely controlled times. Fig. 7 shows 
the degree of mismatch that can be allowed in the 
AND circuit. Here, an output pulse can be produced 
when simultaneous inputs are applied to V1, V2, and 
V3. However, the best condition occurs when each 
succeeding input is délayed just enough to allow the 
upper leg to turn on. That is V1 followed by V2 and 
then V3 as shown in Column B. With reference to V3, 
the greatest mismatch in the lagging direction which 
still produces an acceptable output is shown in Col- 
umn A. Here, each input lags the other by 4 milli- 
microseconds. The greatest degree of mismatch in the 
leading direction is shown in Column C. Here each 
input leads the other by 15 millimicroseconds. This 
means, with reference to V3, V1 has a +8 to —30 
millimicroseconds tolerance, and V2 has a +4 to —15 
millimicrosecond tolerance. Since all AND operations 
in the machine are taken only from simultaneous 
sources, the pulse arrives at the AND circuit well 
within these tolerances. The delay in the output of 
the circuit is determined from the last input, and was 
included in the delay characteristics previously 
shown. 

Figure 8 shows the Pulse Storage Circuit. Since the 
pulses are not synchronized at intermediate logic 
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PULSE STORAGE CIRCUIT APPLICATION 


TO NEXT 
CIRCUIT 


FIGURE 9 


Fig. 9—Pulse Storage Circuit Application. Shown are 

“OR” inputs to storage circuit and output gates. Outputs 

are obtained by pulsing sample and logical function 

inputs. Restore replaces the information into the circuit 
after a read-out. 


circuits, an asynchronous input was required. To re- 
time the output information, synchronous outputs 
were specified. An intermediate storage medium was 
also required. By function this circuit is basically a 
capacitive storage circuit. 

Assuming C1 to be discharged, a standard negative 
pulse input applied to Q2 will negatively charge C1, 
and the diode action of the emitter will prevent Cl 
from discharging. The charging current will produce 
a standard output pulse. Cl remaining charged will 
inhibit further inputs to Q2 from producing an out- 
put. The value of C1 was chosen such that its capaci- 
tive reactance to the pulse width was equal to the 
resistance of the degeneration resistor in the Basic 
Pulse Amplifier. It is also important that the avail- 
able charge from C1 will only produce a standard 
pulse output regardless of the input pulse width. The 
charge stored in C1 will decay, slowly, due to the 
leakage currents of Q1 and Q2. However, it is suffi- 
cient to prevent, under worst conditions, output pulses 
from being produced by pulses arriving at the base 
of @2 up to 5 usec. Pulses arriving later at the base 
of Q2 (prior to 5 usec.) will reestablish the charge 
that had leaked off of C1, allowing an additional 5 
usec. of storage, but will not produce an output pulse. 
To set, a pulse is applied to the base of Q1. This pulse 
will remove the charge on C1, and will allow the next 
input to @2 to produce an output pulse. The timing of 
the set and reset, or sample pulses, need only be such 
that both are not pulsed simultaneously. To read out, 
a sample pulse is applied to Q2. If an output pulse is 
obtained a 1 is stored, if not, a 0 is stored. 

The circuit, therefore, is much like a magnetic core: 
when a 1 is read out the information is destroyed, 
and if it is to be retained, the information must be re- 
placed. To obtain long term storage, as when testing, 
the machine is pulsed at least once every 5 usec.; pro- 
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visions are also made for circuits which automatically | 
regenerate the data. 

Also shown on Fig. 8 is the Indicator Circuit. Thig; 
circuit utilizes a subminiature vacuum glow tube = 
Positive pulses at the collector will tend to charge: 
through the diode, the stray capacity of the line lead=| 
ing to the grid of the indicator. This action raises the. 
bias on the grid to that of the cathode, the tube the n 
conducts and produces a glow. With no pulses at the) 
collector, minus 10 volts is applied to the grid result. 
ing in cutoff. 

Figure 9 shows a typical pulse storage circuit appli. 
cation such as the A register. The shaded area is the 
basic storage circuit. OR circuit inputs to Q1 and Q2 
are shown, as well as the output gates. If an informa- 
tion transfer is made to memory, for example, the 
sample input, and the memory gate input would be 
pulsed. If a pulse output were obtained from the stor. 
age circuit, it would pulse the upper leg of the output 
gate. This pulse, in synchronism with the Memory In- 
put Gate, would produce an output on the line leading : 
to Memory. To restore, the sample input, and the re- 
store gate could be pulsed. Fig. 9 shows that the re- 
store gate is essentially an OR input to the base of Q1, 
hence the capacitor Cl (being charged by the sample = 
pulse) would subsequently be discharged by the re- 
siore pulse, arriving at Q1. Three frames of equip. 
ment and 2200 p-n-p type transistors are used. The = 
10 megapulse circuitry utilizes 1848 Philco diffused ] 
base transistors, (these units, while originally manu-- 
factured solely for IBM, are very similar to the com- ' 
mercially available 2N501), 128 2N393 units and 224] 
2N240 units are also used (mainly in the memory). 
The performance data of this machine is listed as fol- : 
lows. 


1. All logical circuits are capable of operating with 
reliable margins at 10 me. 

2. Set and clear operation of the storage circuit 
can be accomplished at 25 me. 

3. All data handling is accomplished in a parallel 
mode. . 

4, All circuits can propagate data with a maximum . 
delay of 15 millimicroseconds and a minimum 
delay of 8 millimicroseconds. . 

5. Add operations can be performed at an average — 

rate of 12 millimicroseconds per bit. 

. Multiply can be performed at a 10 mc. rate. 

. A single power supply supplies all the power. 

. The pulse circuits consume 3 watts of power. 

A reduction in components has been achieved. 

The model uses 1800 resistors, 828 transformers 

and 236 capacitors. 
10. A 32 step program enables the machine to accu-_ 

rately simulate full scale machine operation. 

Of particular importance is the fact that extrapolat- 

ing the performance data to a 20 bit word length, 

parallel pulse techniques will allow, with 1 usec. Oover- 

lap memories, an instruction rate of greater than 

1 million instructions per second. 


OOD 
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RANSISTOR bilateral switching can provide 
effective means for switching a-c signal paths. 
The ON to OFF isolation ratio is in the order of 
4)0 db at low frequencies and as high as 60 db at ten 
fiegacycles; and ON impedances in the range of 0.5 to 
0 ohms are obtained for low power germanium tran- 
© stors. However, a number of difficulties in applying 
cansistors to this use become evident. These include 
uch factors as determining proper biasing, obtaining 
adequate signal isolation, and reducing d-c compo- 
fents. Some of the techniques which may be used to 
btain effective Transistor Bilateral Switches for a-c 
ignal applications are presented in this paper. 
Before introducing these techniques a brief discus- 
ion of the bilateral mode of operation of symmetrical 
ansistors is presented. Equivalent circuits are then 
ised to analyze the effects of transistor and circuit 
sarameters on switch performance. Multiple transis- 
or switch circuit techniques are then shown which 
ill overcome some of the more pronounced de- 
ciencies of single unit circuits. 


haracteristics of a Switch 


| An ideal switch offers zero impedance when closed 
and infinite impedance when opened. A realizable 
switch can be described as an ideal switch with a low 
external series resistance, a high parallel resistance 
‘and shunt capacitance. The operating conditions of 
such a switch can be represented in the manner shown 
‘in Fig. 1. The line R, represents the series resistance 
and indicates the voltage drop across the closed (ON) 
‘switch. The line R, represents the open (OFF) imped- 
ance and indicates the leakage current of the switch. 
'The ON and OFF states of the electro-mechanical 
} switch shown in Fig. 1 are determined by a control 
signal at the control input terminals. The relay is nor- 
mally at least a four terminal device in that it has in- 
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Transistor Bilateral Switches 


PART 1 


WM. M. COOK* and PIER L. BARGELLINI 


In many electronic equipments large numbers of electro-mechanical relays are used for 

low level a-c and d-c signal switching. At present, transistors are being widely used to re- 

place relays in d-c switching and the techniques in this area are reasonably well-known. 

The application of transistors as a-c switching elements has received much less attention. 

The purpose of this article is to present techniques for replacing a-c signal relays with 

transistor bilateral switches. Part 1, in this issue, discusses theory; part 2 in the next 
issue of Semiconductor Products discusses application. 
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Fig. 1—Representation of the operating conditions of 
an electro-mechanical switch. 


dependent control and signal circuits, and conse- 
quently, there is little interaction between the control 
and signal. Since the characteristics represented are 
linear for both positive and negative signals the 
switch is satisfactory for a-c operation. When Vyy is 
an a-c voltage, then Rs and R, represent the loci of 
operating points in the ON and OFF condition respec- 


tively. 


General Discussion of Bilateral Switching 
with Transistors 


In Fig. 2, the bilateral characteristics of a nearly- 
symmetrical n-p-n transistor are given. The regions of 
similarity between the previous switch and the nearly 
symmetrical transistor characteristics are apparent. 
The current saturation region where the transistor 
offers a low impedance is similar to the ON condition 
of the previous switch. The current cutoff region 
where the transistor offers a high impedance is simi- 
lar to the OFF condition of the switch. However, the 
ON and OFF regions are both restricted as indicated 
by the sharp changes in slopes in the ON and OFF 
characteristics at their extremes. 
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Consider the operation of the transistor in the cir- 
cuit of Fig. 2. The transistor symbol shown here is 
used to indicate a symmetrical transistor. In order to 
keep the transistor in the OFF state both junctions 
must be reverse biased. Since the input voltage varies 


between aA, the reverse base voltage Vz must be 
maintained more negative than the negative peak in- 
put voltage. When the input reaches its most positive 
value, the voltage across the collector-base input 
junction is: 


A : 
Ves = —(Ver+ Vin) < B Vee 1) 


This maximum reverse bias must not exceed the volt- 
age breakdown of the collector-base junction. There- 
fore, the limits of the OFF condition are voltage 
breakdown and forward bias of the collector-base 
junction. The input voltage and the reverse bias must 
be chosen so that neither condition is exceeded. 

If constant forward base current is supplied to the 
circuit the characteristic labeled I; CONSTANT is 
obtained. When the input voltage is sufficiently posi- 
tive, the transistor is in the normal common emitter 
mode of operation. The current through the transistor 
in this condition is determined by the normal current 
gain (fy and the base current. As the input becomes 
less positive the collector junction as well as the emit- 
ter junction becomes forward biased. The current 
through the device is now dependent upon the ex- 
ternal circuit since the transistor now offers a low 
impedance. As the input swings through zero to nega- 
tive values the base voltage will follow the collector 
voltage. At the current level determined by the in- 
verted current gain, [,, and the base current, the emit- 
ter will become reverse biased and operate as the col- 
lector. The transistor is then in the common collector 
mode of operation. 

It is seen that the negative peak voltage drop is 
larger than the positive peak voltage drop for the load 
chosen and constant base current (this is due to the 
imperfect symmetry of the transistor, By > Bry). Con- 
sider the operation of the circuit when finite R; and 
forward base voltage Vz» are employed. The R; and 
Vir are chosen so that the same positive peak drop 
is obtained. Since the transistor offers low impedance 
in saturation, its collector, emitter and base are at 
nearly the same potential. Consequently, the forward 
base voltage V;,~ must be larger than the positive 
peak input signal in order to supply the base current 
required for saturation. As the input signal decreases 
from its maximum positive level the base current will 
increase. The characteristic obtained under these con- 
ditions is labeled I; MODULATED in Fig. 2. The peak 
drops under this condition are nearly identical for the 
example chosen. It is possible to obtain symmetrically 
bilateral action with non-symmetrical units provided 


tJ. J. Ebers, J. L. Moll, Large Signal Behavior of Junction 
Transistors, Proc. IRE, Vol. 42, No. 12, Dec. 1954. 
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the proper base circuit parameters are chosen. Hows 
ever, the base circuit must be considered in relation 
to the signal circuit. It is often impossible to properly 
choose the base parameters because of undue loading 
of the signal circuit. In general, therefore, a symmetri- 
cal transistor is to be preferred. 

The limits of the ON region are defined by the nor. 
mal and inverted current gains By and £,, and the 
magnitude of base current supplied. That is, the pea < 
positive collector current must be less than Ip By 
while —I, must be less than Ip (B; + 1). The reason 
for the difference in the two expressions is that the 
collector becomes the emitter when V7 , is negative 
and I; flows in the collector circuit. For low, reason- 
ably linear ON resistance the maximum I, should be 
no more than 2/3 the capability indicated by the I, ~ 
and the current gains. Over this range the saturation 
(ON) resistance is given by 


NOV eg 
Rs = ee 2) 
A lg 


In Fig. 3, the waveforms obtained in a series switch, 
similar to that in Fig. 2, and in a shunt switch are ~ 
shown. Both sets of waveforms are presented with re- 
spect to the state of the p-n-p switch transistor. The | 
series switch waveforms agree wtih the preceding dis- 
cussion. The voltage across the OFF transistor, Vez, is 
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Fig. 2—Characteristics of a transistor used as a bilateral 
switch. 


essentially equal to the input voltage and the output. 
is negligibly small. The voltage across the input (col- 
lector-base) junction (Vz) varies from a small mini-- 
mum value to greater than twice the input voltage. | 
The voltage across the output (emitter-base) junction — 
(Vx) is constant and essentially equal to Ver. The 
voltage drop across Rpg due to reverse base current 
Ipr is usually negligible at room temperature. How- 
ever, this drop should be considered in choosing Vgp 
for high temperature operation. 

When the base voltage is changed from Ver toa 
forward voltage, Vz», the transistor will saturate pro- 
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ed the proper conditions are satisfied. The forward 
ge current I; is composed of the d-c component I; 
la component due to the effects of V;,. Since the 
#nimum. base current occurs when the input signal 
jnaximum, sufficient base current must be supplied 
wijer these conditions to obtain something less than 
» maximum allowable voltage drop across the tran- 
tior. 
6the output voltage Vo» is attenuated with respect 
the input and also contains a d-c component. The 
Henuation is in part the normal voltage division be- 
! leen a source and load resistance. However, R» has 
shunting effect upon R,, so that the attenuation will 
somewhat greater. The d-c component in the out- 
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Fig. 3—Transistor bilateral switch waveforms. 


jut is due to the base current, which flows in the 
purce and load. The current gains of the transistor 
letermine the amount of base current required for 
articular signal circuit requirements; and _ conse- 
yuently, the magnitude of offset and the values of Rp 
d Vor. 

The requirements for the OFF condition of the 
ransistor in the shunt configuration are essentially 
he same as for the OFF transistor in the series con- 
guration. The shunt circuit is in the transmission 
state when the switch element is OFF. However, the 
operation of the ON transistor in the shunt configura- 
tion is different. The forward base voltage need not be 
greater than the input voltage. The base current is 
not modulated and the d-c voltage component is low 
‘in the range of 5 to 15 mv. However, the degree of 
‘OFF isolation obtainable will in general be lower for 


the shunt configuration. 


Equivalent Circuits of Transistors 

Several of the difficulties which arise when using 
‘transistors as relay elements have been briefly dis- 
cussed in the preceding section. In order to fully eval- 
uate the performance of transistors in series and 
‘shunt switching circuits it is desirable to represent 
the transistor in equivalent circuit form. This is shown 
| in Fig. 4. 

| In the saturation region both junctions are forward 


t 


/ biased and their impedances are low. Consequently, 
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Fig. 4—Equivalent circuit representation of transistor 
as a switching element in the “ON” condition. 


the currents are determined primarily by the external 
circuit. In saturation, it is then convenient to write 
the junction voltage drops V;y and V, in terms of the 
external currents. Ebers and Moll have shown that 
the junction voltages can be expressed as’ 


; k Ic tan Ip 
Ve = = Ee inj 1— sede tae 3) 
q {go 
= k I me a I¢ 
\! Eb + bY Inj 1— a > fats 4) 
q Tro 
where k = Boltzman’s constant, 

T = Absolute temperature in degrees Kelvin, 

q = Charge of an electron, 

ay = The normal large signal grounded base cur- 
rent transfer ratio, 

a = The large signal grounded base current 
transfer ratio when the functions of emitter 
and collector are reversed. 

Ico = The reverse thermal current of the collector 


junction with the emitter cpen, and 


Ivo = The reverse thermal current of the emitter 
junction with the collector open. 


V-» and Vy, represent the junction voltages from the 
p to the n region, and the equations apply to either 
p-n-p or n-p-n transistors. The polarities indicated in 
Fig. 4 are those for a p-n-p transistor. 

Equations (3 and 4) were derived for the grounded 
base connection. Since the base is the control input 
terminal in bilateral switching it is more convenient 
to have the junction voltages expressed in terms of I, 
6y and (;. This is easily accomplished using the rela- 


tionships: 


B an 5) 
vy=— 5 
ae 
QT 
ae aoe 6) 
2 Lae | 


Io tIs+]n = 0 


Making the appropriate substitutions in Eq. (3 and 
4) yields: 


Ip —I1 
Vox = Ss ie ln eee rt 1 8) 
q (Bv+1) Ico 
m7 Ip —In 
Vm = = et In ee Le om 1 9) 
qd (8r+1) Izo 


The base resistance 7, in the equivalent circuit is 
the base spreading resistance measured in the satura- 
tion region. The resistance roy and Vyy represent the 
extrinsic resistances of the junction materials. These 
extrinsic elements have not been taken into account 
in the above equations, since they can be ignored in 
the majority of applications. 

In the ON transistor switch the voltage drop and 
the saturation resistance are important factors. The 
voltage drop across the switch is the difference be- 
tween V>, and Vz, using the relationship between 
the cutoff currents: 


Br Bn 
ee CO 
Br Pl By +1 
The voltage drop V, can be expressed as: 


kT Iz By—Ic+Ico (By +1) Br 
Ver=+— In| - , 11) 
q Tz (8r+1)+lce+TIano (8r+1) By 


10) 


Tz0 


As the limits of the saturation region are approached 
Vew as expressed above approaches -+«. This, of 
course, is not the actual case, since the voltage can- 
not go beyond the supply voltage. What is indicated 
is that the voltage drop is now independent of the ex- 
ternal circuit. The transistor is then in the active re- 
gion and the above expressions are no longer useful. 
The limits of the saturation region are the points 
where either junction becomes reverse biased. 

The saturation resistance, Rs, of the transistor is 
obtained by differentiating Voy, with respect to Ip and 
is given by: 


R @Vcnr KT iL 
s= — 
dlc Y | Ie By — Ie + Ico (By+1) 
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a 1 
Ip (Br+1) + Ic + Ino (81+1) 


The terms involving Ipg and I ro in the above equa- 
tions can normally be ‘neglected. 

Examination of Eg. (11 and 12) when I, 0 re- 
veals several significant points. The voltage drop, Von, 
under these conditions is the d-c voltage component 
inherent in the transistor and is given by 

= + kT l 


Br 
n 
Ic=0 g Ee | 


This expression indicates that the residual d-c voltage 
across the transistor is determined primarily by the 


Vor 


13) 
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inverted current gain. This is the residual d-c voltage 
in the shunt configuration. However, it is only a ming; 


part of the d-c voltage component in the series con. 
figuration. The saturation resistance under this condin | 


tion is given by: 


eee 
ei, 


D 
1s 


1 1 
B +t 


I¢=0 


This expression shows that the saturation resistance = 
is inversely proportional to the base current and the : 


current gains. The minimum value of Ry will be li 


ited by the current gain fall-off at high base curren r : 
and the bulk resistances rey and rgy which have pre. 


viously been neglected. 
The ON equivalent circuit of Fig. 4 is unwieldy for 
use in the analysis of switching circuits. The approxi- 


mate ON equivalent circuit of Fig. 5 is much more 3 
convenient. The elements Reg and Rzysg can be ob- 
tained from the characteristics of Fig. 2 or Equatio: 4 


(13) and the expressions: 


Br 

Bein sae 

OF Bape ee oe 

Big ee ees 
Bn + Br 


The base resistance, 7;, is the same in both equiva- - 
lent circuits. The battery V, represents the voltage 
Voce = Viz when Vcy = 0. The base elements can be 
obtained from the base input characteristics for the — 
condition Voy = 0. This equivalent circuit is valid for 
constant Iz and moderate variations in I. It is rea © 


sonably accurate for varying base current if the satu- 
ration resistance is determined from the Ic, Veg 
characteristic under the same conditions of the base 
current. 

The OFF equivalent circuit of the transistor is also 
given in Fig. 5. The capacitances Cre, and Cy» are the 


junction transition capacitances and for alloy junction © 


transistors are given by: 


a 


V6 +V; 


#) 
where: a—a proportionality constant 
¢j — the junction barrier voltage, and 
The positive sign of V; is taken when 
the junction is reverse biased. 


It should be noted that these capacitances are present 


in the ON transistor in parallel with the junction satu-_ 


ration resistances. However, their impedances are 
normally large compared to Reg and Ryg and can 
therefore be neglected. 

The resistance elements in the OFF equivalent cir- 
cuit are the leakage resistances of the junctions. Since 
they are strongly dependent upon surface conditions, 


it is difficult to accurately express their values. In 
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sent day transistors, the leakage resistances are in 
© range of one to ten megohms. Consequently, they 
1 usually be neglected when compared to the value 
the capacitive reactance even at moderately low 
aiquencies (100 ke and above). 
“the currents Ic¢r and Ipp are the reverse thermal 
=:rents of the junctions when both are reverse biased. 
Yey are lower than the single junction reverse cur- 
ts Ipg and Io and are given by: 


Ico (By + 1) 
MO cae 18) 
Bu + Br +1 
Tro ( 1 
Boa br.4> i 


/ a symmetrical transistor Io¢r and Ipz are approxi- 
ately half the Icg and Io. In many applications, 
ere a-c signals are involved and the impedance 
els are low, the cutoff currents can also be neg- 
cted. 

The base resistance in the OFF transistor is some- 
hat higher than in the ON transistor. This is due 
® the increase in the resistivity of the base material 
ith decreasing current concentration. In determin- 
ig the effect of the OFF transistor in shunt and 
sries switches, the capacitances and base resistance 
re the dominating factors. 


he Effect of Transistor Parameters in Shunt 

nd Series Switches 

In the shunt switch of Fig. 6, the transistor is re- 
nlaced by its OFF and ON equivalent circuits. When 
he transistor is in the OFF state, it is seen that the 
‘ignal transmission will be limited at high frequen- 
ties by the capacity loading of the transistor. The 
ignal attenuation is given by: 


V 
Atten. = + 20 Log i 
Rr+ Rk : 
=-+ 20 Log ares + jwCc Re. 
L 


a J w Crp R’p 2)) 


F + jw(Cm+ Co) R's 
where R’p = Ry + % 
To optimize the high frequency performance of the 
shunt switch Rz should be large. Since shunt switches 
are generally used in high impedance circuits, the 
effects of Icr on the d-c voltage component should be 
considered, particularly for high temperature opera- 
tion. The d-c voltage component due to Icp is given 


by: 
4 pest lash 
é 3 Viw=0 et Rr + Re 


When the transistor is ON, the signal current is 
shunted to ground. The output voltage remaining is 


a 


21) 
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Cob Cep 
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Vb fou 
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By By +! 
Rc ee Icr= Ico => 
Sh teuspoe cr* Ico Bg tl 
By By+l 
Res ler -leo => 
Byt By Ip=K “ 2 BytBrt! 


I+jw Cep R's 
1+jw (Cop + Ceb) R'B 


Ri +Re 
Rv 


+jw CcopRe 


ATTEN. = 20 L06| 


where, ‘R'g=Rp trp 


Rg + Rev Rg 
FDTHRU= — 20 LOG + —) 7 
Rv Rs 


Var ~Vb 
IB= R'p i Vo 


Fig. 6—Shunt switch transistor equivalent circuits. 


due to the saturation resistance of the transistor plus 
the d-c voltage component. The signal feedthrough 
of the OFF circuit is given by: 


1 


J IN 
Feed thru = —20 Log a 
a) 


R R 
Rit ee “| 5 


= —20 Lo 
e| jamoaalee 


The degree of isolation obtainable is dependent upon 
the relative values of Rg, Ry, and Rs. The ON current 
of the transistor is given by 


Var — Vo 
Bi Pale 
the effect of the input signal on the base current is 


negligible. The d-c voltage component is given by 
Eq. (14) or 


23) 


24) 


Vo = Tp Rus 

Vin=0 
In the series switch of Fig. 7 the transistor is re- 
placed by its OFF and ON equivalent circuits. Since 
series switches are normally used in low impedance 
circuits, the effects of the OFF currents can normally 
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Fig. 7—Series switch transistor equivalent circuits. 


RCA DEVELOPMENTAL 
PNP TRANSISTOR 


HIGH | 
-20db}- caIn| HF | 
Test 3S Tot Wan | 
osc $9 ‘i | | 
fl felt | 


-40db 


-60Odb 


-80db 


ZT _ CIRCUIT FEEDTHROUGH 
/~ WITHOUT THE TRANSISTOR 


SIGNAL FEEDTHROUGH 


-100db - 


| 
-|20db i | L 1 J 
1OKG {oOoKc FREQUENCY IMG {OMG 


Fig. 8—Effect of R, on feedthru in a series switch. 


be neglected. In the OFF transistor at frequencies 
below 


ee fe= : 


Ze) 
20 Coo TOL ) 


2a Cm TEL 


the effects of the junction capacitances can be neg- 
lected. 


Under these conditions the signal feedthrough is 


Feed thru = —20 Log 
E (Rr+R’'s) + rez (Re+R’s) + rex =| 


26) 
Ry R's 


Above fy and fz the signal feedthrough is given by 
iL R’z 


; —I a Sie aye ler 
w2 Cop Crp @ Cos o>) Crp 


In series switches R’z is a very important factor in 
determining the feedthrough. To minimize feed- 
through R’p should be made as small as possible. In 
the limit, R’, > 0, there would be no feedthrough re- 
gardless of the magnitude of the other parameters. 
The realizable limit of R’; is approximately +. The 


Feed thru = —20 Log 
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effect of the external resistance Rg on feedthrough ig 
series switches is shown in Fig. 8. mt 

Junction capacitances are also important in deters: 
mining the feedthrough. Consequently, transistors > 
with low junction capacitances and low base resists: 
ance are required. Since the junction capacitances are) 
functions of the junction voltages (Eq. 18) Va, | 
should be as high as possible. 

The signal attenuation in the ON series switch is ; 
given by | 


Rot Re | m | 
Rr Rp 

The saturation resistance of the transistor has been ¥ 
neglected since it is normally small compared to Rg, 
and R,. Rg is still a dominating factor and is required 
to be large to minimize ON attenuation. Since the& 
OFF feedthrough at low frequencies is low even for: 
moderate values of Rg the requirements of the O 
and OFF condition can be satisfactorily compro- 
mised. When a high frequency switch is required, 


means must be used which will satisfy the require- 
ments of both the OFF and ON conditions. 


Atten. ~ 20 Log 


by 
Vin Ry 
R's (Re + Rr) 


This expression is valid when R’z >> Rg or R;. This E 
is the case for values of Rg consistent with low at- 
tenuation. The first term is the d-c component of base = 
current while the second term is the modulation com-. 
ponent. The minimum base current which must be : 
supplied, when the input voltage is opposing, the base ° 
current is given by: 


+ Vin 


By (Re + Rx) 
+ for n-p-n 
— for p-n-p 


Iz (min.)-= 


sof 


Iz minimum should normally be at least 1.3 times : 
this minimum value to ensure operation below the : 
knee of the symmetrical characteristic. 

The d-c voltage component at the load in the series : 
switch is given by: 


ae (Var i V>) Re Rr 
Viw=0 F's (Re t+ Rr) + Re Ri 


The d-c voltage component results from division of 
the forward base voltage between Ry, in series with 
Re and R, in parallel. 

The frequency response of a transistor in the active | 
region has no direct effect upon the ON and OFF 
conditions in shunt or series switches. However, it is 
important in determining the transient response of 
the switch. The problem of transient response is be- 
yond the scope of this article. 

[TO BE CONTINUED] 


Vo 
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N THE PAST few months, developmental samples 
§ of germanium transistors, capable of being stored 
at 100°C, have become available at these Labora- 
J ories; however, the characteristics of germanium de- 
vices operating in the neighborhood of 100°C have not 
deen too well defined. Earlier work done at these 
aboratories indicated degeneration of current gain 
and output impedance above 55-70°C.' Recently the 
author has made an analysis of the variation of cur- 
rent gain in transistors, and the results of this investi- 
gation indicated the significant factor causing this 
hange.” On the basis of these results, a transistor has 
been designed with fairly stable temperature charac- 
teristics to 100°C. The purpose of this report is to in- 
dicate the design and the resultant operating charac- 
teristics of this device. 


D-C Current Gain 


i: It was decided for design purposes to choose a 
‘power transistor for discussion. Power transistors, be- 
cause of function, usually operate at high junction 
temperatures; however, this operating temperature 
may vary with ambient conditions. It is important 
that variations in operating temperature do not ap- 


*U.S. Army Signal Engineering Laboratories 
Fort Monmouth, New Jersey 


*Maximum Operating Junction Temperature and Reliability, 
J. Mandelkorn, presented at the Transistor Reliability Sym- 
posium, September 1956. ; 
"Temperature Sensitivity of Current Gain in Transistors, 
B. Reich Trans. of IRE, PGED, July 1958. ; 
*Lecture 18, Power Transistors, L. Giacoletto, Pennsylvania 
State College Transistor Short Course. 
‘Transistor Design Equations, George C. Messenger, Philco 
Corporation, Philadelphia, Pa., Personal Communication. 
*Transistors I, RCA, Princeton, N. J. 
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A Germanium Alloy Transistor 
for 
High Temperature Operation 


BERNARD REICH* 


This article describes a transistor with temperature stable characteristics over a mini- 
mum operating range of 25°C to 100°C. Over the range of temperatures the current gain 
variation does not exceed 12%. 


preciably alter the device characteristics. At junction 
temperatures above 70°C, degradation in current gain 
will alter the power gain of the device. In addition, 
the input and output impedances are also affected. 
The results obtained by the author indicate” that the 
base resistivity is a critical factor in “designing” tem- 
perature characteristics into devices provided that the 
conductivity of the emitter region can be controlled. 
Again for the purposes of design, a p-n-p device is. 
chosen. Examination of the resistivity of n-type ger- 
manium as a function of temperature® indicates that 
1.6 Q-cm base material seemed reasonable for fairly 
stable gain characteristics between 50°C-100°C. For 
the purposes of “paper” design, the following parame- 
ters were chosen: 


. Emitter diameter, d,—0.90 in. 

. Collector diameter, d,—.120 in. 

. Base width, W—.002 in. 

Emitter resistivity, e,-—.001 Q-cm 

. Base resistivity, o,—1.6 Q-em (25°C), critical 

. Base ring diameter, d;,—.170 in. 

Based on this design information, the characteristics 

of the transistor were calculated. The calculations are 

based on equations derived by Messenger* and the 

current gain characteristic equation by Webster.® 
With a choice of 1.6 (2-cm as the base resistivity of 

the designed transistor, the diode breakdown voltages 

are then examined. The diode breakdown voltages 

are calculated from the following equation*: 


Vo = Crao* (1) 


where Vp is the diode breakdown voltage, 
C; is a design constant being 32 for n-type ger- 
manium, 
K is a design constant of 4, 
0, is the base resistivity. 


4+ 27 A909 FA 
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The design breakdown voltages for the emitter-to- 
base and collector-to-base diodes calculate to be 40 
volts. 

Also of importance in the design of a power tran- 
sistor is the saturation current. The saturation current 
may be expressed as follows if the emitter and base 
are shorted and the collector and emitter diodes are 
back-biased?: 

pA. 


Teo = (2) 
CiW 


where A, is the collector area, 
C, is an empirical constant 3.8 x 10° Q-em?/amp 
W is the base width. 
It is found that the saturation current under these 
conditions is 61 microamperes. 
Using the expression for alpha cut-off frequency?: 


fe hel) (3) 
a W? 


The alpha cut-ofi frequency is found to be 690 
ke/sec. 

Since this transistor has been designed primarily for 
high temperature operation, two important charac- 
teristics are now examined. These are current gain- 
emitter current characteristic, and the gain tempera- 
ture characteristic. Using the expression for current 
gain® 


W ew WA, 
i -| xeieh (E) Jaber +24 g(kIz) (4) 


B Celie 2 1D; v0) 


where 9,0, are the base and emitter conductivities, 
W is the base width, 
L,L, are the diffusion distances in base and 
emitter, 
A, is the effective area around the emitter 
with which recombination takes place, 
A is the total emitter area, 
g(kIz) is a function which varies from unity to 
one-half as kI,, is increased, 
D, is the diffusion constant for holes, 


Whe 
A AD, op 


k 
and, s is the surface recombination velocity 


It should be pointed out that this expression holds 
for small signal beta. Fig. 1 is a curve of the small 
signal gain-emitter current characteristic of the tran- 
sistor calculated to one ampere. 

Figure 2 is a plot of the small signal current gain 
as a function of operating temperature to 100°C. The 
stability of this characteristic over the temperature 
range should be noted. 

Although not too important a parameter in power 
transistor design, the collector resistance should not 
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Fig. 1—Curve of small signal gain-emitter current char: 
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Fig. 2—Plot of the small signal current gain as a fune-: 
tion of operating temperature to 100°C. 


be completely overlooked, especially at high tempera- 
tures. Utilizing the expression for collector resistance?’ 


re = : (5) 
ey 


where {is the common emitter current gain 
W is the base width 
ais the common base current gain 
I, is the collector current 
C; is a material constant 1.1 x 10-* (farad-cm/_ 
volt sec) ’? for n-type germanium. 


The collector resistance of the transistor at one am- 
pere was calculated. Table I is a result of this calcu- 
lation. 


TABLE I 
Variation of Collector Resistance with Temperature 
Pe f 
x 10° ohms ae 
0.23 25 
0.25 50 
0.28 116) 
0.28 100 


Paper designs serve as a useful basis for transistor 
characteristic approximations; however, the impor- 
tant conclusion must come from fabricated devices. 
After some investigation, the author was able to lo- 
cate transistors fabricated near enough to the specifi- 
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ig. 3—Curve of the measured values of the large signal 
/ current gain as a function of operating temperature. 


feations outlined previously to initiate experimental 
valuation information. It was realized that these tran- 
sistors in fabrication had some inherent differences 
Siue to process variations; however, the important de- 
Tsign objective was investigated, the gain temperature 
haracteristic. 

The transistors obtained had base resistivities of 
1.5 <9 < 1.7 Q-cem. The average of the units had the 
following characteristics: 


is 60 wa 
(Base-emitter shorted) 
V3 54 volts 


(Collector to base) 


RECENT rule-of-thumb approximation of many 
marketing men in the transistor industry is that 
0.5 transformers, 3 capacitors, 3 resistors and 1 
socket are used for each transistor made and sold. This 
approximation will change, of course, with the growth 
of the industry. Taking only these major items and 
multiplying them by the millions of transistors sold 
gives one a good idea of the immense component 
‘market that is building up in the semiconductor field. 


*Author “Transistor Engineering Reference Handbook”, pub- 
lished by John F. Rider, New York, N. Y. 
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The calculated value for I,, was 61 wa, and Vp 40 
volts. The breakdown voltage calculated 14 volts 
lower than the average of the units measured. Fig. 3 
is a curve of the measured values of the large signal 
current gain as a function of operating temperature. 
Although the large signal current gain is plotted in 
Fig. 3 no significant difference between this and beta 
is expected with respect to temperature sensitivity. 
The correlation of the curves shown in Fig. 2 and 
Fig. 3 seems very good. If the maximum deviations, 


5 max-( min ; 
defined gg b-™ax-B min are compared, the curve in 


6 max 


Fig. 2 has a maximum deviation of 22%, while Fig. 3 
indicates a lower value of 12%. In addition to the 
values calculated in the preceding sections, an impor- 
tant factor was considered and measured. This is the 
saturation component of I,, which was found to be 
12 ua for the average of the four units. At 100°C, the 
saturation current would be approximately 2.4 mil- 
liamperes which is not considered excessive. 


CONCLUSIONS 


In this paper, a high temperature germanium tran- 
sistor capable of operation to temperatures of 100°C 
without severe degradation of gain has been designed. 
In general, the correlation between design parame- 
ters and measured characteristics is good. The meas- 
ured values of gain vs. temperature exhibit better 
characteristics than those calculated. 


Marketing and Production Trends in the 
Semiconductor Industry 


H. E. MARROWS* 


In addition to these components, however, theve are 
many others such as batteries, diodes, speakers, 
microphones, headphones and heat sink plates. The 
last mentioned item is relatively new, brought on by 
the sudden surge in the production of power transis- 
tors. United Aircraft Products, Inc. and the Inter- 
national Electronic Research Corporation both offer 
special aluminum configurations to dissipate heat in 
power transistors. 

Because microminiaturization had been going on since 
World War II many components were readily adapt- 
able to transistor circuits. However, components such 
as transformers, capacitors and transistor sockets had 
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Fig. 1—Typical transistor transformers made by Therm- 
ador Electrical Manufacturing Company 


Fig. 2—Low cost adjustable inductors made for carrier 
applications in the range of 10ke to 100ke. (Courtesy Bell 
Telephone Laboratories) 
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Fig. 3—The constructional features of a solid Electro- 
lytic capacitor with tantalum anode (Courtesy Bell Tele- 
phone Laboratories) 
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to be designed specially for the new semiconduct 
circuitry. In these three categories over 25 compani¢ 
are making transformers, over 20 are making speci: 
capacitors and 15 are making special clips or socket 


Transformers 


The demand for special transformers for transisto 
has been particularly great. Fig. 1 shows typical unit 
made by Thermador Electrical Manufacturing, whil 
Fig. 2 shows special variable inductors used in carrie 
applications. Transformer manufacturers now off 
several hundred different types of transformers % 
meet all manner of impedance matching configure 
tions. They have had to meet the transitions that ha 
occurred in power levels (from 10 mw to 10 or mom 
watts) and the higher frequency applications. Ho 
ever, they are obviously often a few steps behind th 
newer transistors—lacking right now, to some exten 
transformer types suitable for the u-h-f frequencies 

Early applications of transistors were of the audir 
type, particularly in hearing aids, and the audio ap 
plications have continued to mount rapidly. As ; 
result, most of the transformers available are in thi; 
range. Among the companies manufacturing these 
transformers are the following: Chicago Standar 
Transformer Corporation, Gramer-Halldorson Corpo: 
ration, Triad Transformer Corporation, Wheeler In: 
sulated Wire Company, Inc., Microtran Company 
Inc., AS Danavox (Denmark), Audio Developmen? 
Company, United Transformer Company, Thordarson- 
Meissner, Freed Transformer Company, and Epec 
Products, Inc. 

Portable broadcast radios have, of course, used grea 
quantities of transformers. Among the manufacturers 
of r-f transformers are the J. W. Miller Company and 
Superex Electronics Corporation. The i-f transformers 
are made by Vokar Corporation, the Automatic Manu- 
facturing Corporation, Merit Coil Products Company, 
Inc., J. W. Miller Company, Radio Industries, Ine., 
Aladdin Electronics and Daystrom Instrument. 

Transformers for pulse circuits and voltage con- 
version are becoming plentiful for many of the newer 
applications. Aladdin Electronics makes a great vari- 
ety of blocking oscillator transformers as does Pulse 
Engineering. With servo circuits now rapidly becom- 
ing common, output transformers for these purposes 
are made in quantity by Frank Kessler Company, Ine., 
Daystrom Instrument, and Epco Products, Inc. Al- 
though some of the makers of voltage converter units 
use their own transformers, one company, Sunair 
Electronics, Inc., sells toroid transformers useful to 
450 volts d-c. (40 watts continuous power). 

Voltage conversion by transistors switches is con- 
sidered by many as an application of great importance 
to the future of the electronics industry. The key to 
the conversion is a special transformer which converts 
d-c to a-c with efficiencies up to ninety per cent, but 
the operation of the inverter circuit depends primarily 
on the transformer core material. 
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‘\lthough many miniature capacitors made previous 
ithe advent of the transistor fitted nicely into the 
a” circuits, over twenty companies have made spe- 
71 efforts to meet semiconductor requirements. Tan- 
‘yum types have captured the fancy of the designers, 
other types are more economical and play an 
portant role in the industry. Centralab, for example, 
aikes ceramic disc types in a range of 0.1 uf to 2.2 
Hat 3 volts d-c. These ultraminiature types are 
)pal for by-pass purposes and are considerably less 
fpensive than electrolytic and tantalum types. 

7 antalum capacitors, however, have brought many 
svidends to the designers, being available in a wide 
Wriety of capacity values as well as in voltage ratings. 
fe most recent form of construction of the tantalum 
Ipacitor has been the solid anode type shown in 
igs. 3 and 4. These can provide more capacity in a 
ven space than any other type. Comparable to the 
re of the transistors themselves, these capacitors 
“ive low temperature characteristics, long shelf life 
ud capacitance stability superior to other types of 
Rpacitors. These advantages are achieved by the 
libstitution of the normal aqueous electrolyte by a 
ylid semiconductor that will not leak, evaporate, 
Beeze or corrode the oxide or metal layers. 

(In typical manufacture, this capacitor is built up, 
tyer by layer, on the anode, a pellet of tiny particles 
mtered together at a very high temperature. The 
llet is porous and consequently has a large surface 
rea. 


'Among the companies manufacturing these solid 
mntalum capacitors are the following: Texas Instru- 
nents makes units from 25 uf at 35 volts to 200 uf at 
volts; U. S. Electronics Development Corporation 
tarts at 0.33 uf at 6-42 volts to 150 uf at 6 volts; Kemet 
fompany offers a wide range of units starting with 
buf at 30 volts (85°C) to 120 uf at 10 volts (85°C); 
T&T Components Division offers units from 2 uf at 
5 volts to 240 uf at 4 volts; Fansteel Metallurgical 
forporation has units from 1 uf at 35 volts to 70 uf at 
10 volts. 

Some of the companies mentioned above also make 
loil type tantalum capacitors as well as the “wet” 
ype with a porous anode using an electrolyte that is 
wrimarily a sulphuric acid solution. Ohmite Manufac- 
uring Company makes a “wire” type which consists 
f a tantalum wire coil with specially processed oxide 
ilm which forms the anode, enclosed in an electrolyte 
solution. These Ohmite units have a capacity range of 
01 to 80 uf in a variety of case sizes and voltage rat- 
ngs. Some of the other companies making tantalum 
‘apacitors are: P. R. Mallory & Company, Inc., Gen- 
ral Electric Company, and Sprague Electric Com- 
any. 

By no means can other type electrolytic capacitors 
xe overlooked for they have demonstrated excellent 
ife in 15 or more years of continuous duty and they 
wre economical. Companies making excellent types 
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Fig. 4—Photographs of typical tantalum capacitors with 
solid anodes. The bottom unit is a type using coils of 
tantalum wire etched with hydrofluoric acid. 


Fig. 5—Yardney Electric Corporation’s Silvercel battery 


Fig. 6—International Rectifier Corporation’s selenium 
cells and batteries. 
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other than tantalum are Aerovox Corporation, Barco, 
Inc., Illinois Condenser Company, and Pyramid Elec- 
tric Company. Some of the companies which make 
the tantalums also make other types of capacitors. 

Of course, capacitors other than electrolytics are 
needed. Mucon Corporation makes subminiature 
ceramic capacitors, Good-All Electric Manufacturing 
Company makes a wide selection of 50 volt miniature 
designs from .01 to .47 uf, while Radio Condenser 
Company and J. W. Miller Company make several 
variable tuning capacitors for the broadcast frequency 
range. 


Miscellaneous Components 


One of the components needed for every transistor 
is a socket or clip to hold it. Many varieties are made 
by a large number of manufacturers. Table I is a list 
of some companies that offer these mounts. 

Although portable transistor radios will cut down 
the number of B batteries sold by the battery manu- 
facturers, the use of batteries in other transistor appli- 
cations, particularly portable instruments, will more 
than make up for this loss. Indeed, the advent of home 
radios with batteries appears to have good possibil- 
ities. Table II is a list of some manufacturers who are 
paying particular attention to the transistor market. 
Mercury batteries are finding favor with designers 
because of their long life and other favorable charac- 
teristics. Other types are being offered for special 
purposes or heavy duty, such as the Gulton recharge- 
able nickel cadmium Button-Cell Battery. Yardney’s 
Silvercel, using silver and zinc as active materials, is 
shown in Fig. 5, Another Yardney battery called the 
Silverclad, along with the Silvercel, is widely used 
by the military for aircraft, guided missiles, under- 
water weapons and electronic equipment. 

And one final word about batteries—the solar type. 
Two companies are now making them, the Interna- 
tional Rectifier Corporation and the Semiconductor 
Division of Hoffman Electronics Corporation. Al- 
though both companies make the silicon type, IRC 
also makes some very economical selenium types, 
shown in Fig. 6. The author has found the latter to be 
very versatile for many unique applications. 

Although other components to be mentioned are 
used to a lesser degree than those discussed, semi- 
conductor diodes can appear in great quantities in 
some applications such as computers, power supplies 
and switching circuits. The number of companies 
making these is too great to list here and has appeared 
in a previous issue of Semiconductor Products. Be- 
cause semiconductor diodes are used extensively in 
non-transistor circuits it is difficult to determine their 
role in the transistor field with any precise degree of 
accuracy. Nevertheless, the dollar value is large, the 
estimate being close to 20 million dollars in 1957. For 
1958 it is estimated that the figure will be close to 40 
million dollars. 

Hearing aids as well as portable radio receivers 
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TABLE | 


A List of Companies Making Sockets or 
Clips for Transistors 


Atlas E-E Corporation 

Augat Bros. Inc. 

The Birtcher Corporation 

Cinch Manufacturing Corporation 

Elco Corporation 

Electrical Industries, Div. of Amperex Electroni 
Corp. 

Fluorocarbon Products Inc. 

General Cement Manufacturing Co. 

Grayhill, Inc. 

Techron Corporation 

Tinnerman Products, Inc. 

Vector Electronic Co. 


TABLE Il 


A List of Manufacturers Making Batteries 
Suitable for Transistor Circuits 


Burgess Battery Company 

Gould-National Batteries, Inc. 

Gulton Industries, Inc., Alkaline Battery Division 

International Rectifier Corporation 

Mallory Battery Company 

National Carbon Company 

National Fabricated Products Div. of Hoffman Elec- 
tronics Corp. 

Ray-O-Vac Company 

Yardney Electric Corporation 


account for many headphones. These are made by, | 
among others, Knowles Electronics, Inc., Dyna-Em-- 
pire, Inc. and Telex. Some of these companies alse | 
make microphones, great quantities of which are used | 
in hearing aids. Tibbets Industries, Inc. is said to have | 
made a million hearing aid microphones. Speakers. 
are made by Jensen Manufacturing Company and 
Radio Corporation of America, among others. 

At the present time the prominent applications of 
transistors outside the broadcast radio and hearing 
aid fields are in precision uses such as instrumenta- 
tion. These precision uses call for high quality crystals 
and crystal ovens. Among the companies known in 
this field are: Electronics Division, Bulova Watch 
Company, Bliley Electric Company, Hill Electronic 
Engineering & Manufacturing Company, The James 
Knights Company, McCoy Electronics Company and 
Varo Manufacturing Company, Inc. 


The Impact of the Transistor on the Electronics Industry 


A history of transistors is typical of the impact of 
new discoveries. Their’ growth reaches into many 
allied fields and often changes the complexion of a 
big industry. The transistor and other semiconductors 
are being taken seriously by the electronics industry. 
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CHARACTERISTICS 
CHARTS 


of NEW DIODES and RECTIFIERS 


SEMICONDUCTOR Propucts follows up its tabulation of semiconductor devices 
with a list of newly-announced semiconductor diodes and rectifiers in a format 
useful to the engineer. This type of information will be released every 4 months. 
The current listing covers the period of January 15, 1958 through May 15, 1958. 
We have divided this material into 4 specific characteristics charts—Diodes and 
Rectifiers, Silicon Zener or Avalanche Diodes, Switching Diodes and Miscel- 


laneous Diode Types—in order to provide the optimum presentation of the 
parameters describing these devices. In addition, a listing is provided for manu- 
facturers who have announced that they have just begun supplying previously 
registered diodes and rectifiers. The characteristics of JETEC registered types 
are those supplied by the manufacturer of each registered type. These charts are 
intended primarily as a guide; complete specifications, prices, and availability 
should be obtained directly from the manufacturers. 


MANUFACTURERS 


(In Order of Code Letters) 


Amperex Electronic Corp. MOT— Motorola, Inc. 

Audio Devices, Inc. MUL— Mullard, Ltd. 

Automatic Mfg. Co. NPC— Nucleonic Products Co., Inc. 

Bendix Aviation Corp. PHI— Philco Corp., Lansdale Tube Company 
Berkshire Labs PSI— Pacific Semiconductors, Inc. 

Bogue Electric Mfg. Co. Qsc— Qutronic Semiconductor Corp. 

Bomac Labs RAY— Raytheon Manufacturing Company 

Bradley Labs RCA— Radio Corporation of America, Semiconductor Div. 
British Thomson-Houston Export Co., Ltd. RRC— Radio Receptor Co., Inc. 

CBS-Hytron SAR— Sarkes Tarzian, Inc., Rectifier Division 
Clevite Transistor Products, Inc. SSL— Shockley Semiconductor Lab, Backman Instru- 
Compagnie Generale de T.S.F. (American Radio ments, Inc. 

Co., Inc.) SIE— Siemens & Halske Aktiengesellschaft 
English Electric Valve Co., Ltd. sSsD— Sperry Semiconductor Division 

Fansteel Metallurgical Corp. STCB— Standard Telephone & Cables, Ltd. (Intelex 
Gahagan, Inc. Systems) 

General Electric Co., Ltd. sSYL— Sylvania Electric Products, Inc. 

General Electric Company, Semiconductor Div. TFKG— _ Telefunken, Ltd. 

General Transistor Corp. THE— Thermosen, Inc. 

Hoffman Semiconductor Division TI— Texas Instruments, Inc. 

Hughes Products Division TKD— #‘Tekade, Nurnberg, Germany 

Institutet for Halvledarforskning TOK— Tokyo Tsushin Kogyo, Ltd. 

International Rectifier Corp. TRA— Transitron Electronic Corp. 

International Resistance Co. TSC— Trans-Sil Corp. 

International Tel. & Tel. Corp. USsD— United States Dynamics Corp. 

Kemtron Electron Products, Inc. UssS— U. S. Semiconductor Products, Inc. 
Laboratoire Central de Telecommunications WEC— Western Electric Co. 

Microwave Associates, Inc. WEST— Westinghouse Electric Corp. 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


MAT 


1N66A 
1N294A 
1N297A 
1N298A 
IN316A 
IN317A 
1N318A 
IN319A 
IN320A 
1N321A 
1N322A 
1N323A 
1N324A 
1N325A 
1N326A 
1N327A 
1N328A 
1N329A 
1N501 
1N502 


SS a Sy es 


1N673 
1N1124 
1N1125 
1N1126 
1N1127 
IN1124R 
IN1125R 
IN1126R 
IN1127R 
1N1128 
1N1128R Reverse polarity 
1N1414 
IN1415 
1N1434 
1N1435 
1N1436 
1N1437 
1N1438 
1N1563 
1N1564 


WW 


NNNNNNN—— 


1N1565 
1N1566 
1N1567 
1N1568 
1N1569 
1N1570 
1N1571 

1N1572 
1N1575 
1N1576 
1N1577 
1N1578 
1N1612 
1N1613 
1N1614 
IN1615 
IN1616 
1N1617 
1N1618 
IN1619 
1N1620 


NONNNNNNNNNNHNNNNNNNNN ND 


1N1621 
1N1622 


Sy Sey STS) 


NOTATIONS 


Under Use 


1, General Purpose 
2. Power Rectifier 
3. Magnetic Ampilfier 
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P 


MAX. # Min. Forward J wax. p.c. 


CONT. 
iv | WORK, 
VOLT. 


Ge 70 60 5.0 @ 
Ge 70 60 5.0 @ 
Ge 100 80 3.5 @ 
Ge 85 70 3.5 @ 
Si 50 50 
Si 100 100 
Si 200 200 
Si 350 350 
Si 500 500 
Si 850 850 
Si 1000 1000 
Si 50 50 
Si 100 100 
Si 200 200 
Si 350 350 
Si 500 500 
Si 850 850 
Si 1000 1000 

100 80 100 @ 

125 100 100 @ 
Si 350 350 
Si 200 200 1000 @ 
Si 300 300 1000 @ 
Si 400 400 1000 @ 
Si 500 500 1000 @ 
Si 200 200 1000 @ 
Si 300 300 1000 @ 
Si 400 400 1000 @ 
Si 500 500 1000 @ 
Si 600 600 1000 @ 
version of 1N1128 
Si 350 350 
Si 350 350 
Si 50 60A @ 
Si 100 60A @ 
Si 200 60A @ 
Si 400 60A @ 
Si 600 60A @ 
Si 100 100 1000 @ 
Si 200 200 1000 @ 
Si 300 300 1000 @ 
Si 400 400 1000 @ 
Si 500 500 1000 @ 
Si 600 600 1000 @ 
Si 100 100 1000 @ 
Si 200 200 1000 @ 
Si 300 300 1000 @ 
Si 400 400 1000 @ 
Si 100 100 1000 @ 
Si 200 200 1000 @ 
Si 300 300 1000 @ 
Si 400 400 1000 @ 
Si 50 10A @ 
Si 100 10A @ 
Si 200 10A @ 
Si 400 10A @ 
Si 600 10A @ 
Si 100 
Si 200 
Si 300 
Si 400 
Si 100 
Si 200 
Si 300 
Si 400 
Si 100 100 
Si 200 200 
Si 300 300 
Si 400 400 
Si 50 50 1000 @ 
Si 100 100 1000 @ 
Si 200 200 1000 @ 
Si 300 300 1000 @ 

Other 
4. For half wave resistive 


load average over 1 cycle 


Under Reverse Current 
eee ene 
5. Dynamic 


Under Mfr. 


6. Available in stack form 
from that manufacturer 


MAX. 

FULL 
LOAD 
VOLT. 
DROP* 


(volts) 


+ 
OUTPUT @ (°C) 


CURRENT 


1.0 .030 @ 25 
1.0 .035 @ 25 
1.0 .035 @ 25 
1.0 .035 @ 25 
.25 @ 100A .60 
.25 @ 100A .60 
.25 @ 100A .60 
.25 @ 100A .60 
.25 @ 100A .60 
.25 @ 100A .60 
.25 @ 100A -60 
40 @ 100A -60 
.40 @ 100A .60 
.40 @ 100A .60 
40 @ 100A .60 
40 @ 100A .60 
.40 @ 100A .60 
-40 @ 100A .60 
1.0 
1.0 
40 @ 25 1.0 
tal 3.0 @ 50 
heal 3.0 @ 50 
BU 3.0 @ 50 
BL 3.0 @ 50 
‘Tet 3.0 @ 50 
1.1 3.0 @ 50 
1 A 3.0 @ 50 
fest 3.0 @ 50 
1 (i 3.0 @ 50 
100 @ 25 125 
10 @ 25 1.1 
2 30 @ 135 
2 30 @ 135 
E2 30 @ 135 
1.2 30 @ 135 
T2 30 @ 135 
ez 1.0 @ 25 1.5 
1.2 1.0 @ 25 1.5 
12 1.0 @ 25 ile) 
1.2 1.0 @ 25 1.5 
iA 1.0 @ 25 1.5 
1.2 1.0 @ 25 13 
ie 1.0 @ 25 1.5. 
ee 1.0 @ 25 15 
12 1.0 @ 25 1.5 
qe) 1.0 @ 25 1.5 
1.2 3.5 @ 25 1.5 
h2 3.5 @ 25 1.5 
32 3.5 @ 25 1.3 
1.2 3.5 @ 25 1.5 
1S 5.0 @ 135 
TES) 5.0 @ 135 
es 5.0 @ 135 
1.5 5.0 @ 135 
iS) 5.0 @ 135 
1.5 @ 100 Ve2S 
1.5 @ 100 25 
1.5 @ 100 1.25 
1.5 @ 100 1.25 
10 @ 100 1.25 
10 @ 100 1.25 
10 @ 100 1.25 
10 @ 100 1.25 
250 @ 100A -60 
250 @ 100A -60 
250 @ 100A .60 
250 @ 100A -60 
TPZ 150 @ 100A 
ihe7é 150 @ 100A 
il7/ 150 @ 100A 
Tez -150 @ 100A 


Following any temperature reading 
these symbols apply 


A — Ambient 
C — Case 

J — Junction 
S — Storage 


* 
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1,@ 


(uA) 


800 @ 
800 @ 
100 @ 
800 @ 
10 @ 
10@ 
15 @ 
40 @ 
40 @ 
60 @ 
60 @ 
10@ 
10@ 
16@ 
40 @ 
40 @ 
60 @ 
60 @ 
40 @ 
40 @ 


30 @ 
10@ 
10 @ 
10 @ 
10@ 
10 @ 
10@ 
10 @ 
10@ 
10 @ 


5000 @ 
5000 @ 
5000 @ 
5000 @ 
5000 @ 

50 @ 

50 @ 


50 @ 
50 @ 
50 @ 
50 @ 
5.0 @ 
5.0 @ 
5.0 @ 
5.0 @ 
5.0 @ 
5.0 @ 
5.0 @ 
5.0 @ 
1000 @ 
1000 @ 
1000 @ 
1000 @ 
1000 @ 
5000 @ 
5000 @ 
2500 @ 
2500 @ 


5000 @ 
5000 @ 
2500 @ 
2500 @ 
500 @ 
500 @ 
500 @ 
500 @ 
400 @ 
400 @ 
300 @ 
300 @ 


— Forced Convection — 2000LFM 


E.@T 


| 


(volts) 


50 @ 
100 @ 
200 @ 
400 @ 
600 @ 150 
100 @ 25 
200 @ 25 
300 @ 25 
400 @ 25 


150 


100 @ 
200 @ 
300 @ 
400 @ 
100 @ 
100 @ 
100 @ 
100 @ 

50 @ 
100 @ 
200 @ 
300 @ 


25 
25 
2A) 
25 
100A 
100A 
100A 
100A 
1004 
1004 
1004 
1004 


Manufacturers should be 
contacted for value and 
test condition for surge 
current and maximum 
peak recurrent current. 


MER, 
See code } 
at start | 
of charts | 


CHARACTERISTICS CHART of DIODES and RECTIFIERS 


Forward | wax D.C 


TYPE Cur 
NO @ fo OUTPUT 
; 5°C CURRENT! | 
b @E,@T MER. 
See code 
at start 
(amps) of charts 
(volts) (uA) (volts) (°C) 
1N1705 , 
» _1N1706 : 400 400 1000 @ 1.7 
_-1N1707 : = 500 500 1000 @ 1.7 .150 @ 100A a ’ 
/ 1N1708 1 ; 50 50 1000 @ 13 .150 @ 100A 0 @ 400 @ 1004 ean 
bed 1 ss er 100 1000 @ 1. 175° 150A Sg ee tee INRC 
~1N1710 1 200 = 200 are 175 @ 150A 400@ 60 @ 1504 ae 
} 1NI711 1 = 300 300 1000 @ is 175 @ 150A SOE) RTO INRC 
1N1712 1 : Be. 08 1000 @ 1.3 175 @ 150A 300 @ 200 @ 1504 INRC 
1N1730 Si 500 500 1000 @ 1.3 175 @ 150A 300 @ 300 @ 1504 INRC 
1N1731 si 1000 ~=—1000 100 @ 5 125 @ 150A 300 @ 400 @ 1504 INRC 
1N1732 Si 1500 1500 ouars 200 @ 25 300 @ 500 @ 1504 INRC 
| 1NI733 = 2000 2000 100 @ 9 200 @ 25 10 @ 1000 @ 25 mel 
1N1734 Si 3000 3000 100 @ 12 200 @ 25 10 @ 1500 @ 25 Pel 
1SJ60A ; Si 5000 5000 nae 150 @ 25 10 @ 2000 @ 25 aS 
2SJ60A ; al 600 600 100 @ 25 10 @3900:095 es 
ASJ6OA : Si 600 600 10 @ 100A 60 og ie ae PSI 
—-25H5 ; si 600 600 .25 @ 100A 60 ys @ 600 @ 100A “295 
t _25H10 2 Si 50 .40 @ 100A "60 0@ 600 @ 100A BOG 
| 25H15 * 100 25 @ 25# 90 60 @ 600 @ 100A saa 
: 2 Sj 15 25 ‘ 10ma @ 50 @ 175 
25H20 2 ; 0 @ 25# 90 i. INRC 
Si 200 25 @ 25# 90 das aes INRC 
—-25H25 - = 25 @ 25# 90 ines @ via @ 175 eile 
q ae 2 a oe cee @ 175 INRC 
| pH40 : _ 350 25 @ 25# es baa @ 250 @ 175 eG 
25H4 ; 400 25 @ 25# 9 ma @ 300 @ 175 INRC 
> 2 Si 45 Af 0 10ma @ 350 
25H5 0 25 @ 254 pes g @ 175 NRG 
? 2 Si 5 10ma @ 400 
AM1 00 25 @ 252 90 @ 175 INRC 
2 Si 50 25 @ 25# 10ma @ 450 @ 175 
| AM2 2 Si 1 -90 10ma @ 500 @ 17 INRC 
AMS 2 ; 50 .0 @ 100 300 ( @ 175 INRC 
j AM4 Si 50 .40 @ 100 : © 50 @ 100 AUT 
P OAMS 2 Si 50 ‘20 @ 100 00@ 50@ 100 fr 
AM11 2 Si 50 1.0 @ 150 he @ 50 @ 100 AUT 
AM12 * Si 100 .40 @ 150 ie @ 50 @ 100 AUT 
AMI3 ‘ Si 100 1.0 @ 150 eh 50 @ 100 nie 
AM21 2 Si 100 40 @ 100 ee @ 100 @ 100 er 
AM22 : Si 200 ‘20 @ 100 et SR aah 
site 2 Si 200 1.0 @ 100 Fane @ 100 @ 100 AUT 
AM24 = si 200 40 @ 100 nid Mi @ 100 ce 
AM31 = sl 200 .20 @ 100 = @ 200 @ 100 Ae 
AM32 2 Si 300 1.0 @ 150 S00. 200 @ 100 me 
AM33 = Si 300 1.0 @ 100 0@ 200 @ 150 ate 
2 Si 300 40 @ 100 300 @ 300 @ 100 ae 
AM34 .20 @ 100 20058 200 G09 AUT 
AMI : si 300 300 @ 300 @ 100 ee 
AM42 2 Si 400 1.0 @ 150 500 @ = 
AM43 z si 400 1.0 @ 100 ete i ae AUT 
AM44 : pe 400 -40 @ 100 ples aed ae AUT 
AMS) 2 si 400 :20 @ 100 See aane Ae 
AMS2 2 si 500 1.0 @ 150 ak 400 @ 100 AUT 
AMSS 2 Si 500 1.0 @ 100 aah . 400 @ 150 AUT 
AMSA i Si 500 40 @ 100 300 @ eee es AUT 
AMS5 2 Si 500 .20 @ 100 San @ 500 @ 100 AUT 
A 2 Si 500 1.0 @ 150 : @ 500 @ 100 AUT 
ae : Si 500 .40 @ 150 ae @ 500 @ 150 AUT 
1 : 2 Si 600 "20 @ 150 > @ 500 @ 150 ae 
ae av Si 600 1.0 @ 100 a! @ 500 @ 150 AUT 
2 Si 600 .40 @ 100 : @ 600 @ 100 AUT 
AM64 2 Si 600 (20 @ 100 00.@ 600 @ 100 AUT 
AM65 2 Si 600 1.0 @ 150 300 @ 600 @ 100 AUT 
AM66 2 Si 600 40 @ 150 500 @ 600 @ 150 AUT 
AM4005 2 Si 760 "20 @ 150 500 @ 600 @ 150 AUT 
AM4010 2 Si 400 5.0 @ 135 500 @ 600 @ 150 AUT 
AM4020 2 Si i665 by 5000 @ 400 @ 135 AUT 
6200 2 Si 360 20 @ 135 $000. @, 400 135 ves 
c .20 @ 25 2.0 : 0@ 400 @ 135 AUT 
FIBIOM 2 Si 1500 000 @ 360 @ 25 AUD 
CFIBI2M 4 Si 1800 .30 @ 75* 15 25 @ : 
CFIBI6M 74 Si 2400 27 @ 75* 18 ae @ 1500 @ 25 INRC 
CTP462 i Ge a8 v "22 @75* 24 © 120n.@ 28 INRC 
CTP573 , mtd 150 @ 1.0 25 @ 2400 @ 25 INRC 
2 1.0 @ ast 50@ 10@25 pass 
com 1 & 3 ¢ teu cr 
2 1 AM 3. 
creaa09 c ee 50 La @ 30 40@ 3@25 ae 
f 13 1 : QD I. 
| C1P2315 : : i igo 5.0 @ 1.5 20 @ 100 @ 100 pa 
| CTP2317 1 sj Be an 5.0 @ 1.5 20 @ 125 @ 100 CTP 
CTP2321 1 Si 30 5.0 @ 1.5 20@ 30@100 CTP 
- CTP2340 1 Si 75 @ 1.0 50 @ 175 @ 100 cTe 
2 1.0 @ at 20@ 50@150 ore 
Be DS 2 + ig 100 @ 1.0 pds 
D1O 2 Si 400 @ 25 = 
a 2 Si 150 400 @ 25 10 pee eee os TScé 
D20 2 Si 200 400 @ 25 10 ore @ 100 @ 25 TScé 
ne 2 Si 250 400 @ 25 1.0 ae oy Je0@ ee TSCé 
oF 2 Si 300 400 @ 25 1.0 @ 200 @ 25 Tscé 
D35 2 Si 350 400 @ 25 6 i @ 250 @ 25 as 
A400 @ 25 1.0 Bes @ 300 @ 25 TSCé 
: 00 @ 350 @25 Tscé 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


pee Min. Forward } max. p.c. Max. Rey. Current 


Current OUTPUT 
MAT| PIV |WORKE = @ 95°C ~~ CURRENT! (aa 


VOLT. 


at start 
of charts 


I, @E, 
(volts) | (volts) (mA) (volts) 


DFICI8M 2 Si 3600 29 @ 75* 27 25 @ 3600 @ 25 INRC 
pee 2 Si 4800 .23 @ 75* 36 25 @ 4800 @ 25 INRC 
1C30M 2 Si 6000 21 @ 75* 45 25 @ 6000 @ 25 INRC 
DFID36M 2 Si 7200 .24 @ 75* 54 25 @ 7200 @ 25 INRC 
2 D40M 2 Si 8000 .22 @ 75* 60 25 @ 8000 @ 25 INRC 
ae 2 Si 1500 36 @ 75* 7.5 25 @ 1500 @ 25 INRC 
EFLAGA st 1800 33 @ 75* 9 25 @ 1800 @ 25 INRO 
Feipten 2 Si 2400 27 @ 75* 12 25 @ 2400 @ 25 INRC ‘ 
EFIBIOM Z ~ ee .28 @ 75* 18 25 @ 3600 @ 25 INR. 
EFIC20M ; ¥ oes 22 @ 73" 24 25 @ 4800 @ 25 INRC 
EFIC24M = Ses 28 @ 75* 30 25 @ 6000 @ 25 INRC 
EFIDAOM ; a eae 23 @ 75* 36 25 @ 7200 @ 25 INRC 
FFID35M ; Siystugieaes 22 @ 75+ 60 25 @ 12000 @ 25 INRC 
FF1D40M 2 ; ge 24 @ 75% 52 25 @ 14000 @ 25 INRC 
rOhes Si 16000 .22 @ 75* 60 25 @ 16000 @ 25 INRC 
oe es Ke e me @ 1.0 25@ 2@25 GAH 
e @ 1. 200 @ 24 @ 50 GAH 
G9 @ a) 
5 1 Ge 60 50 100 @ 1.0 500 @ 100 @ 25 GAH 
cues 1 Ge 200 200 100 @ 1.0 600 @ 200 @ 25 GAH 
1 Ge 75 60 5.0 @ 1.0 03 @ 45 2 a 
H ‘ d 0@ 10 @ 60 TKD 
GSD5/62 ] G 75 60 
GT1D970 1 els 100 80 i 6 is pi nd ae . a . es TRE 
GTD971 1 Ca 100 80 200 @ 1: D @ GTC 
G1D972 i ce 6 ne ae: S a 25@ 50 @ 25 GTC 
Ciboes ee eg > Looe ie 25@ 50 @ 25 GIG 
GTD974 1 Ge 80 70 100 @ 1.0 sett eee pas 
GTD975 1 Ge 75 65 200 @ 1.0 50@ 50@25 GTC 
GTD976 1 Ge 75 65 100 @ = 100@ 50@25 GTC 
G1D977 1 Ge ie joer 100@ 50@25 GTC 
G1D978 1 Ge As ee eae 250@ 50@25 GTC 
GTD979 ] Ge 70 60 100 @ iG 250@ 50@25 GTC 
GTD980 1 Es bs a Bae 500@ 50@25 GTC 
HD6751 1,3 Si 200 175 100 @ 1.0 500@ 10@25 GTC 
HD6752 13 Si 250 ee real aie 10@ 150 @ 25 HUG 
HD6753 13 Si 300 os NGG te 10 @ 200 @ 25 HUG 
HD6754 Va" 0a 350 325 100 @ 1.0 Oe 92ers Hos 
HD6755 1,3 Si 400 375 100 @ 1.0 ee eee. HUG 
HD6763 1,3 S 80 70 200 @ 1.0 sVOED 790 GS HUG 
HD6765 aS Si 150 130 200 @ 10 30@ 60@150 HUG 
HD6767 13 Si 200 180 200 @ 1.0 SOT 123 ae HUG 
HD6769 asi 250 225 200 @ 1.0 ee pee HUG 
; 50 @ 225 @ 150 HUG 
ete 1,3. Si 350~ 300 
HD6774 1:3 tems; ies a ah 5 Ae 50@ 300 @ 150 HUG 
HD6777 133 Si 40 36 200 @ 1.0 50@ 380 @ 150 HUG 
HR10313 2 Si 700 675 ; 30@ 30@150 HUG 
HR10314 2 i 30 @ 25 -50 20 HUG 
Si 800 775 30 25 
HR10315 2 Si 900 875 ee “a0 a0 HUG 
HR10316 2 Si 30 @ 25 .50 20 HUG 
1 1000 975 30 ‘) 5 
HR10422 2 Si 100 30 @ 2 .50 20 HUG 
HR10423 2 Si 200 350 @, 100 100@ 100 @25 HUG 
HR10424 2 Si 300 -350'@ 100 100@ 200 @ 25 HUG 
HR10425 2 Si 400 -350 @ 100 100 @ 300 @ 25 HUG 
HR10671 2 Si 100 350 @ 100 100 @ 400 @ 25 HUG 
HR10673 2 Si 200 3.0 @ 150 500 @ 100 @ 25 HUG 
HR10675 2 Si 300 3.0 @ 150 500 @ 200 @ 25 HUG 
HR10677 2 Si 400 3.0 @ 150 500 @ 300 @ 25 HUG 
HR10679 2 Si 500 3.0 @ 150 500 @ 400 @ 25 HUG 
HR10681 2 Si 600 an é ie 500 @ 500 @ 25 HUG 
eA 1 Ge 30 25 5.0 @ 1.0 : 500 @ 600 @ 25 HUG 
y ] Ge 45 40 5.0 @ 1.0 45 @ 3 @ 25 TKD 
ae 1 Ge 75 60 5.0 @ 1.0 800@ 30@25 TKD 
5/62 1 Ge 75 60 5.0 @ 1.0 30@ 10 @ 25 TKD 
20@ 10@60 TKD 
LDS20 2 Si 200 200 60 @ 
LDS30 2 Si 300 300 @ 150C A2 10ma @ 200 @ 1905 BOG 
LDS40 2 Si 400 —- 400 60 @ 150€ A2 10ma @ 300 @ 19035 BOG 
ae ee 70 55 4.0 @ 1.0 GOO 1eue A2 10ma @ 400 @ 190) BOG 
1 Ge 200 100 50 @ .50 250@ 50@25 TFKG 
PR5O 3 Ps D 10 @ 45 25 
i 50 1000 @ 1.0 9@ 250 @ 25 TKD 
PR600 3 Si 600 1000 @ 1.0 5.0 @ 25 2.0 10@ 50@25 USS 
PR700 3 Si 7, . 4.0 @ 25 2.0 10 @ 600 
00 1000 @ 1.0 4 @ 25 USS 
PR900 : = eee 1000 @ 1.0 100 ce ra 10 @ 700 @ 25 USS 
3 Si 900 1000 @ 1.0 @ 2.0 10@ 800 @ 25 USS 
RS 2 Si 50 : 3.0 @ 25 2.0 10@ 900 @ 25 USS 
R10 2 5 1.0 @ 25 1.0 
i 100 : 20@ 50@25 TScé 
R20 2 5 1.0 @ 25 1.0 
R3 i 200 1 : 20@ 100 @ 25 TSCé 
0 2 Si 300 0 @ 25 1.0 20@ 20 
RAO 2 1.0 @ 25 ee TSCé 
Si 400 j 1.0 20@ 300 @ 25 TSCé 
R50 2 Sj BOG 1.0 @ 25 1.0 50 otk 
Q 00 @ 25 TSCé 
R60 2 Ss 1.0 @ 25 1.0 
RR50 1 600. 1.0 @ 25 : pag es TSCé 
RR100 Si 50 1000 @ 1.0 50 1.0 20@ 500 @ 25 TSCé 
1 Si 100 0 @ 25 2.0 1000 @ 50 
RR200 1000 @ 1.0 5.0 ® @ 25 USS 
1 Si 200 0 @ 25 2.0 1000 
1006 @ 1.0 @ 100 @ 25 USS 
RR300 1 Si 300 5.0 @ 25 2.0 1000 
RR4OO 1 1000 @ 1.0 5.0 @ 25 2 @ 200 @ 25 USS 
seeps Si 400 1000 @ 1.0 5.0 @ 25 0 1000 @ 300 @ 25 USS 
Si 500 1000 @ 1.0 4.0 @ 25 2.0 1000 @ 400 @ 25 USS 
. 2.0 1000 @ 500 @ 25 USS 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


SON | Current Max. Rev. Current 
; MAX. D.C. Max. Rey. 
CONT. Current Aine @ Sa MAX. ey. Current 


WORK 2a)t FUEL 
LAE LO Tet gb Pavone @ 25°C CURRENT! — (°C) 1, @E, @T MER. 
OLT. LOAD b b 


See code 
VOLT. | at start 
ly @E, DROP# sor | 


of charts | 
(volts) J (mA) (volts) (amps) (volts) (uA) (volts) (°C) 


2 : 
510 . : eo 5.0 @ 25 1.0 20@ 50@25 TSC 
Eo ; “ i 5.0 @ 25 1.0 20 @ 100 @ 25 TSCé 
4 - . 0 5.0 @ 25 1.0 20 @ 200 @ 25 TSCé 

i 300 = 
i 5.0 @ 25 1.0 20 @ 300 @ 25 6 
$40 2 Si 400 5.0 @ 25 1 ze 
$50 ; a 0 @ 1.0 20@ 400 @ 25 TSCé 
é 5.0 @ 25 1.0 20 @ 500 @ 25 6 
eo 2 Si 600 5.0 @ 25 1.0 20 @ 600 @ 25 ee 
ah is 100 100 550 @ 1.5 300 @ 100A 1000 @ 100 @ 100 INRC 
= : 3 100 100 750 @ 1.3 500 @ 100A 500 @ 100 @ 100 INRC 
ED92A i 6 a 550 @ 1.5 .300 @ 100A 1000 @ 200 @ 100 INRC 
SD93 ; = 200 200 750@1.3 .500 @ 100A 500 @ 200 @ 100 INRC 
SD93A : = sb 300 550 @ 1.5 .300 @ 100A 1000 @ 300 @ 100 INRC 
E504 i 300 300 750 @ 1.3 .500 @ 100A 500 @ 300 @ 100 INRC 
1 Si 400 400 550 @ 1.5 300 @ 100A 400 @ 400 @ 100 INRC 
peta 1 Si 400 400 750 @ 1.3 500 @ 100A ~ 100 INRC 
Dosa : _ 500 500 550 @ 1.5 300 @ 100A 650 @ 500 @ 100 INRC 
= a i 500 500 750 @ 1.3 .400 @ 100A 300 @ 400 @ 100 INRC 
“SR102 23 _ 50 50 50 @ 25A 1.5 300@ 50@ 150A GTC 
: Si 100 100 100 @ 25A 1.5 300 @ 100 @ 150A GTC 

SR103 2,3 Si 100 100 D) D 
104 i 200 @ 25A 1.5 300 @ 100 @ 150A GTC 
2,3 Si 100 100 750 @ 25A 1.5 300 @ 100 @ 150A GTC 
SR105 23 Si 200 200 .200 @ 25A 1.5 300 @ 200 @ 150A GTC 

SR106 2,3 Si 200 200 a wy a 
$R107 : 400 @ 25A 1.5 300 @ 200 @ 150A GTC 
7 = + = 200 .750 @ 25A 1.5 300 @ 200 @ 150A GTC 
SR109 . re 400 100 @ 25A 15 300 @ 400 @ 150A GTC 
SR110 wee te -™ 400 400 @ 25A 1.5 300 @ 400 @ 150A GTC 
ae : i 600 600 .200 @ 25A 1.5 300 @ 600 @ 150A GTC 
2,3 Si 600 600 750 @ 25A 1.5 300 @ 600 @ 150A Gic 
SR112 2,3 Si 1000 ~=—-: 1000 750 @ 25A 1.5 300 @ 1000 @ 150A GTC 
SX641 1,2,3 Si 60 60 100 @ 1.5 .20 @ 80 2.0 5.0@ 60 @100 GECB 
SX642 123. SI 120 120 100 @ 1.5 .20 @ 70 2.0 5.0@ 120 @ 100 GECB 
$X643 193 SI 180 180 100 @ 1.5 20 @ 65 2.0 15@ 180 @ 100 GECB 
SX644 Aas) ES 300 300 100 @ 1.5 .20 @ 40 2.0 15@ 300 @ 100 GECB 
SX645 ee ee 400 400 100 @ 1.5 .20 @ 30 2.0 15@ 400 @ 100 GECB 
15 2 Si 50 10 @ 25 1.0 20@ 50@25 TSCé 
T10 2 Si 100 10 @ 25 1.0 20@ 100 @ 25 TSCé 
720 2 Si 200 10 @ 25 1.0 20@ 200 @ 25 TSCs 
T30 2 Si 300 10 @ 25 1.0 20 @ 300 @ 25 TSCé 
TAO 2 Si 400 10 @ 25 1.0 20@ 400 @ 25 TSCé 
50 2 Si 500 10 @ 25 1.0 20@ 500 @ 25 TSCé 
T60 2 Si 600 10 @ 25 1.0 20 @ 500 @ 25 TSCé 
T™86 2 Si 800 560 .20 @ 125 2.0 500 @ 800 @ 125 TRA 
T™106 2 Si 1000 700 20 @ 125 2.0 500 @ 1000 @ 125 TRA 
T™124 2 Si 1200 840 1.0 @ 125 2.0 500 @ 1200 @ 125 TRA 
T™125 2 Si 1200 840 40 @ 125 2.0 500 @ 1200 @ 125 TRA 
T™126 2 Si 1200 840 .20 @ 125 2.0 500 @ 1200 @ 125 TRA 
U5 2 Si 50 100 @ 25 1.0 250@ 50@25 TSCé 
U10 2 si 100 100 @ 25 1.0 250 @ 100 @ 25 TSCé 
u20 2 Si 200 100 @ 25 1.0 250 @ 200 @ 25 TSCé 
U30 2 Si 300 100 @ 25 1.0 250 @ 300 @ 25 TSCé 
U40 2 Si 400 100 @ 25 1.0 250 @ 400 @ 25 TSCé 
USD142B 3 Si 100 100 1000 @ 1.0 5.0 @ 25 1.5 200 @ 100 @ 25 USD 
USD142D 3 Si 200 200 1000 @ 1.0 5.0 @ 25 1.5 200 @ 200 @ 25 USD 
USD142F 3 Si 300 300 1000 @ 1.0 5.0 @ 25 1.5 200 @ 300 @ 25 USD 
USD142H 3 Si 400 400 1000 @ 1.0 5.0 @ 25 1.5 200 @ 400 @ 25 USD 
USD142J 3 Si 500 500 1000 @ 1.0 5.0 @ 25 1.5 200 @ 500 @ 25 USD 
USD162B 2 Si 100 100 5000 @ 1.2 10 @ 25 1.5 200 @ 100 @ 25 USD 
USD162D 3 Si 200 200 5000 @ 1.2 10 @ 25 1.5 200 @ 200 @ 25 USD 
USD162F 3 Si 300 300 5000 @ 1.2 10 @ 25 1.5 200 @ 300 @ 25 USD 
USD162H 3 Si 400 400 5000 @ 1.2 10 @ 25 1.5 200 @ 400 @ 25 USD 
USD162J5 3 Si 500 500 5000 @ 1.2 10 @ 25 1.5 200 @ 500 @ 25 USD 
USD5051B 2 Si 100 100 5000 @ 1.2 10 @ 25 1.5 5000 @ 100 @ 25 USD 
USD5051D 2 Si 200 200 5000 @ 1.2 10 @ 25 1.5 5000 @ 200 @ 25 USD 
USD5051F 2 Si 300 300 5000 @ 1.2 10 @ 25 1.5 5000 @ 300 @ 25 USD 
USD5051H 2 Si 400 400 5000 @ 1.2 10 @ 25 Ue] 5000 @ 400 @ 25 USD 
USD5051J5 2 Si 500 500 5000 @ 1.2 10 @ 25 1.5 5000 @ 500 @ 25 USD 
USD5091B 2 Si 100 100 1000 @ 1.0 5.0 @ 25 1.5 5000 @ 100 @ 25 USD 
USD5091D 2 Si 200 200 1000 @ 1.0 5.0 @ 25 1.5 5000 @ 200 @ 25 USD 
USD5091F 2 Si 300 300 1000 @ 1.0 5,0 @ 25 1.5 5000 @ 300 @ 25 USD 
USD5091H 2 Si 400 400 1000 @ 1.0 5.0 @ 25 1.5 5000 @ 400 @ 25 USD 

USD5091J5 2 Si 500 500 1000 @ 1.0 5.0 @ 25 1.5 5000 @ 500 @ 25 USD 

NOTATIONS Other Following any temperature reading Manufacturers should be 

—_—_—=—— 4. For half wave resistive these symbols apply contacted for value and 

lnder Use load average over | cycle A — Ambient test condition for sures 

elles ope current and maximum 

1. General Purpose Under Reverse Current J — Junction peak recurrent current. 

2. Power Rectifier —————— a 

3. Magnetic Amplifier i! aS sea 

. * — Forced Convection — 2000LFM 


Under Mfr. 


6. Available in stack form 
from that manufacturer 
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CHARACTERISTICS CHART of SILICON ZENER or AVALANCHE DIODES) 


} 


Zener or Avalanche Dynamic 
TEMP. 


Voltage Range Impedance CO-EF- MER. 
FICIENT See code } 
| at start } 


MIN. 
of chart | 


Eb %/°C 


(volts) 


1N664 7.38 9.02 10 10 10 250 WEC 
1N665 10.8 13.2 20 15 20 250 WEC 
1N666 13.5 16.5 15 20 15 250 WEC 
1N667 16.2 19.8 12 25 12 250 WEC ’ 
1N6568 19.8 24.2 10 30 10 250 WEC 
1N669 24.3 29.7 9 35 9 250 WEC 
1N670 61.2 74.8 3 130 3 250 WEC ; 
1N671 90 110 2 300 2 250 WEC 
1N672 135 165 1.5 800 1.5 250 WEC 
1N1416 7.38 9.02 10 8.0 10 10W WEC 
1N1417 10.8 13.2 10 18 10 10W WEC 
1N1418 13.5 16.5 10 20 10 10W WEC 
1N1419 16.2 19.8 10 22 10 10W WEC 
1N1420 19.8 24.2 10 25 10 10W WEC 
1N1421 24.3 29.7 10 23 10 10W WEC 
1N1422 61.2 74.8 10 40 10 10W WEC 
1N1423 90 110 10 60 10 10W WEC 
1N1424 135 165 10 70 10 10W WEC 
1N1425 7.38 9.02 10 10 10 1000 WEC 
1N1426 10.8 13.2 20 15 20 1000 WEC 
1N1427 13.5 16.5 15 20 15 1000 WEC 
1N1428 16.2 19.8 12 25 12 1000 WEC 
1N1429 19.8 24.2 10 30 10 1000 WEC 
1N1430 24.3 29.7 9 35 9 1000 WEC 
1N1431 61.2 74.8 3 135 3 1000 WEC 
1N1432 90 110 2 300 2 1000 WEC 
1N1433 135 165 5 800 1S 1000 WEC 
1N1507 3.6 4.3 35 1225 35 750 04 INRC 
1N1508 4.3 5.1 30 1.25 30 750 0 INRC 
1N1509 5.) 6.2 26 2 26 750 03 INRC 
1N1510 6.2 7.5 22 2.5 22 750 105 INRC 
1N1511 7.5 9.1 18 4 18 75 ; 
‘ 0) .06 INRC 
1N1512 9.1 11 15 6 15 
750 07 INRC 
1N1513 11 13 12 10 12 
750 075 INRC 
1N1514 13 16 10 20 10 750 08 
1N1515 16 20 8 40 8 Nn 
750 085 INRC 
1N1516 20 24 6 60 6 
750 .09 INRC 
1N1517 24 30 6 75 5 750 095 
1N1518 3.9 4.3 50 1 ee 
1N1519 43 5] yi 50 1000 04 INRC 
i 0 40 1000 0) INRC 
1N1520 5a) 6.2 35 
1N1521 Bs ee pod i = 1000 .03 INRC 
1N1522 7.5 9.1 25 3 x 1000 .05 INRC 
1N1523 i iN 20 Bs 20 1000 .06 INRC 
aNiaod Fe in 40 a 20 1000 .07 INRC 
Tinets we ig ° ve 13 1000 075 INRC 
ieee . be Ue : 8 1000 .08 INRC 
nea NS a 7 : 1000 ‘ .085 INRC 
A KEEL a a 5S = 1000 .09 INRC 
Rie a ae na * e 1000 095 INRC 
1N1530A 8.0 8.8 10 15 10 oo i 
1N1588 3.6 4.3 150 15 a re 
aaices vies be 0) 3500 04 INRC 
é E 125 5 125 3500 ) 
1N1590 5.1 6.2 110 75 1 nee 
iNTEOI e oe we 10 3500 03 INRC 
1N1592 7.5 9.1 80 Aes be oats x beads 
1N1593 9.1 1 70 2.5 oo apie Be pes 
1N1594 1 is bs 74 70 3500 .07 INRC 
nso i. i se : 50 3500 .075 INRC 
ieee re He a 7 40 3500 .08 INRC 
15 35 3500 .085 INRC 
1N1597 20 24 
aise ay as i 22.5 30 3500 .09 INRC 
RhESS ae 30 25 3500 .095 INRC 
: 4.3 500 25 5 
1N1600 4.3 5.1 400 ee beer Os INRE 
1N1601 51 Ae 25 400 10W (0) INRC 
: : 350 4 350 1 
1N1602 6.2 75 ow 03 INRC 
1N1 : : 300 5 300 10 
603 7.5 9.1 250 Ww 05 INRC 
1N1604 9.1 HW 200 ve 250 10W (06 INRC 
1N1605 n 13 170 a ee 10W 07 INRC 
1N1606 13 A 2 170 10W .075 INRC 
IN 140 4 140 
1607 16 20 10W .08 INRC 
1N 110 7.5 110 
1608 20 24 90 12 Tow .085 INRC 
1N1609 24 30 90 10W .09 INRC 
3 70 15 70 
R3.9 3.6 43 10W .095 INRC 
3R4.7 : sy ae 120 
: 43 5.1 700 1 e000 Og AUT 
3R5.6 5.1 6.2 625 ; ie eee 00 AUT 
3R6.8 62 75 ee 4.5 120 3000 03 AUT 
3R8.2 7.5 9.1 425 oe 60 3000 05 AUT 
3R10 9.1 11.0 350 1 2 60 3000 .06 AUT 
3R12 1 13 ope ne 60 3000 .07 AUT 
3R15 13 16 225 a 30 3000 .075 AUT 
3R22 20 24 160 oh 30 3000 .085 AUT 
3R27 24 30 125 560 on 3000 .09 AUT 
3000 .095 AUT 
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CHARACTERISTICS CHART of SILICON ZENER or AVALANCHE DIODES 


Zener or Avalanche Dynamic 


Voltage Range Impedance TEMP. 
CO-EF- 
MIN. FICIENT | aa die | 


at start 
Eb Eb2 of chart 


oso 
(volts) (volts) %1°C 


GZ1 2.0 3.2 5.0 45 10 250 ‘ 

GZ2 3.0 3.9 5.0 40 10 250 ee 
GZ3 3.7 4.5 5.0 30 10 250 HSD 
G14 4.3 5.4 5.0 25 10 250 HSD 
G15 32 6.4 5.0 10 10 250 HSD 
GZ6 6.2 8.0 5.0 5.0 10 250 HSD 
PZ8.2 7.0 91 50 2.0 50 .04 USS 
PZ10 931 im 50 2.3 50 .058 USS 
PZ12 11 13 50 2.5 50 059 USS 
PZ15 13 16 50 3.0 50 .060 USS 
PZ18 16 20 50 5.0 50 .062 USS 
PZ22 20 24 15 7.0 15 .064 USS 
PZ27 24 30 1§ 10 15 .066 USS 
PZ33 30 36 15 15 15 .068 USS 
PZ39 36 43 15 26 15 .07 USS 
eras * 43 51 15 32 fe) .072 USS 
PZ56 51 62 15 40 15 .075 USS 
PZ68 62 75 a) 50 aie .08 USS 
PZ82 75 91 79 85 7.5 .086 USS 
PZ100 91 110 re) 220 Vw .093 USS 
PZ120 110 130 7.5 350 7.9 .10 USS 
PZ150 130 160 70: 450 73 a We) USS 

indicates stud mounting, for Axial lead use Prefix LPZ 

R3.9 3.6 4.3 250 20 40 1000 .04 AUT 
R4.7 4.3 5.1 200 10 40 1000 .00 AUT 
R5.6 3.1 6.2 175 4.5 40 1000 .03 AUT 
R6.8 6.2 7.5 150 6.5 20 1000 05 AUT 
R8.2 7.5 9.1 120 9 20 1000 .06 AUT 
R10 9.1 11.0 100 12 20 1000 .07 AUT 
R12 1 13 80 25 10 1000 .075 AUT 
R15 12 16 65 50 10 1000 .08 AUT 
R18 16 20 55 70 10 1000 -085 AUT 
R22 20 24 45 120 10 1000 .09 AUT 
R27 24 30 35 200 10 1000 -095 AUT 
$V3170 5.9 6.5 7.5 20 7S} 200 -02 TRA 
$V3171 6.7 7.4 10 10 10 200 01 TRA 
$V3173 8.0 8.8 10 15 10 200 .005 TRA 
$V3174 8.0 8.8 10 15 10 200 .003 TRA 
$V3175 8.0 8.8 10 15 10 200 .002 TRA 
$V3176 8.0 8.8 10 3 10 200 -001 TRA 
$V3206 16 17.6 10 30 10 400 .002 TRA 
$V3027 16 17.6 10 30 10 400 .001 TRA 
SX56 5.1 6.1 5.0 40 5.0 300 -02 GECB 
SX68 6.1 b 5.0 20 5.0 300 .04 GECB 
Z2A36 3.40 3.80 20 35 20 1000 -057 STCB 
22A39 3.70 4.15 20 33 20 1000 .05 STCB 
22A43 4.05 4.55 20 31 20 1000 .046 STCB 
Z2A51 4.85 5.40 20 26 20 1000 .01 STCB 
Z2A56 5.30 5.95 20 23 20 1000 .012 STCB 
72A62 5.85 6.55 20 19 20 1000 .03 STCB 
Z2A75 7.10 7.90 20 15 20 1000 .05 STCB 
72A82 7.80 8.70 20 19 20 1000 .054 STCB 
Z2A91 8.60 9.60 20 23 20 1000 .06 STCB 
Z2A110 10.4 (I eg 20 32 20 1000 .068 STCB 
272A120 11.4 12.5 20 36 20 1000 .072 STCB 
Z2A130 12.4 14.0 20 43 20 1000 .076 STCB 


CHARACTERISTICS CHART of MISCELLANEOUS DIODE TYPES 


CLASSIFI- 
TYPE NO. CATION DESCRIPTION 
IN25A 1 L-Band Mixer, le — 6.5 db. max. SYL 
IN26A J K-Band Mixer, le— 7.5 do. max. SYL 
1N53B ] Ka Band Mixer, L-— 6.5 do. SYL 
IN78A 1 Ky Band Mixer, L:-— 7.0 db. max. SYL 
IN358A 1 1-12.4 Kmce. video detector, Figure of merit = 30 SYL 
1N1610 1 3-12.4 Kmc. video detector, Figure of merit — 15 SYL 
IN1611 1 X Band video detector, Figure of merit — 130 min. SYL 
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CHARACTERISTICS CHART of SWITCHING DIODES 


MAX.1Min. Forward] Reverse Impedance 
CONT. @ 25°C 
TYPE MAT | PIV. |WwoRK 
NO. 
E,1 to Ep 
(volts) | (volts) (volts) 


Recovery Characteristics 


MER. 
| See code 


at start 
of charts 


I¢to E 
Peay 


(K ohms) (usec) 


(ma) 


1N696 Si 40 min. 10 @ 1.0 trt =.005 (90% pt If = Ir = 20 ma) WEC 
1N697 Si 120 oe 250 @ 1.0 trt =.03 (90% pt If = Ir = 100ma) WEC 
va @ .50 AMP 

1N698 Ge 25 15 30 @ .52 1000 1.5 to 20 5to 5 ae e oo 
1N699 Ge 105@ 80 100 @ 1.0 300 75 @ 70°C. 5 to 40 50 @ .30 CBS 
G2 Ge 7 60 5.0 @ 1.0 400 20 to 50 30 to 35 200 @ .20 ow 
G17 Ge 70 60 15 @ 1.0 500 10 to 60 5 to 40 400 @ .20 brs 
G18 Ge 70 60 7.5 @ 1.0 500 10 to 60 5 to 40 400 @ .20 oe 
G107 Ge 90 60 10 @ 1.0 1000 50 5 to 40 400 @ .10 Ea 
G108 Ge 75 60 10 @ 1.0 500 50 5 to 40 200 @ .10 pe 
G127 Ge 70 60 30 @ 1.0 500 10 to 50 5 to 40 a @ do pee 

GTD990 Ge 70 60 100 @ 1.0 400 10 to 50 30 to 40 eae oF 
i 100 6.0 @ 1.5 2500 75 30 to 35 400 @ 1.0 HUG 
ND6649 si 200 6.0 @ 1.5 5800 175 30 to 35 400 @ 1.0 she 
HD6651 Si 100 15 @ 1.5 2500 75 30 to 35 400 @ 1.0 “ 

HD6652 Si 200 15 @ 1.5 5800 175 30 to 35 400 @ 1.0 

100 @ .80 TFKG 
OAl86 S ‘90 5.0 @ 1.0 400 20 to 50 30 to 35 400 @ 3.5 TFKG 
Q5-100 Ge 10 @ .38 50 5.0 1.6 to 3.0 7.5 @ .003 Qsc 
Q5-250 Ge 10 @ .38 50 5.0 1.6 to 3.0 7.5 @ .005 Qsc 
Q6-100 Ge 10 @ .38 60 6.0 1.6 to 3.0 7.5 @ .003 Qsc 
Q6-250 Ge 10 @ .38 60 6.0 1.6 to 3.0 7.5 @ .005 Qsc 
Q10-200 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .005 Qsc 
Q10-300 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .006 Qsc 
Q10-350 Ge 5.0 @ 1.0 100 10 100 to 5.0 10 @ 4.0 Qsc 
Q10-400 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .007 Qsc 
Q10-500 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .008 Qsc 
Q10-600 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .009 Qsc 
Q10-750 Ge 10 @ .39 100 10 1.6 to 3.0 7.5 @ .012 Qsc 
Q20-650 Ge 10 @ .45 200 20 1.6 to 3.0 7.5 @ .010 Qsc 
Q30-750 Ge 10 @.54 300 30 1.6 to 3.0 7.5 @ .012 Qsc 
$131 Si 40 36 400 @ 1.0 120M 30 5 to 30 100 @ .50 SsD 
$132 Si 80 70 400 @ 1.0 240M 60 5 to 40 100 @ .50 ssD 
$133 Si 150 130 400 @ 1.0 480M 120 5 to 40 100 @ .50 SSD 
$134 Si 200 180 400 @ 1.0 640M 160 5 to 40 100 @ .50 SSD 


THE FOLLOWING MANUFACTURERS HAVE ANNOUNCED THAT THEY 
HAVE BEGUN SUPPLYING THE INDICATED PREVIOUSLY REGISTERED 
DIODES AND RECTIFIERS 


BENDIX: 1N536, 1N537, 1N538, 1N540, 1N547 
BOGUE: 1N253, 1N254, 1N255, 1N256, 1N440, 1N440B, 1N441, IN441B, 1N442, 1N442B, 1N443, 1N443B, IN444, IN444B, IN445, IN445B 
BRADLEY: 1N253, 1N254, 1N255, 1N256, 1N316, 1N317, 1N318, 1N319, 1N320, 1N323, 1N324, 1N325, 1N326, 1N327, 1N332, 1N333, 1N334, IN335, 
1N336, 1N337, 1N338, 1N340, 1N341, 1N342, 1N343, 1N344, 1N345, 1N346, 1N347, 1N348, 1N349, 1N359, 1N360, 1N361, 1N362, 1N363, 1N440, 
IN441, 1N442, 1N443, 1N444, 1N445, 1N519, 1N520, 1N521, 1N522, 1N423, 1N530, 1N531, 1N532, IN533, 1N534, IN535, IN536, 1N537, 1N538, 
1N539, 1N540, 1N547, 1N550, 1N5S1, 1N552, 1N553, 1N554, 1N555, 1N559, 1N599A, 1N60O, IN600A, IN6O1, INSOTA, 1N602, 1N602A, 1N603, 
IN6O3A, IN604, IN6O4A, 1N6O5, 1N6OSA, 1N606, IN606A, INSO7A, IN60BA, INGO9A, INGIOA, INGITA, IN612A, IN1058, 1N1059, 1N1060 
1N1061, 1N1062, IN1063, IN1095, 1N1096, 1N1100, IN1101, 1N1102, IN1103, 1N1104, IN1105, INI115, IN1116, INI117, 1N1118, 1N1341, 
1N1342, 1N1343, 1N1344, 1N1345, 1N1346, 1N1347, 1N1348 

CBS-HYTRON: 1N34, 1N68A, 1N81, IN111, IN112, IN113, IN114, INI15, INI91, IN192 

CLEVITE: 1N457, 1N458, 1N459, 1N482A, 1N484, 1N486, IN488, 1N629 

GAHAGAN: 1N295 

HUGHES: 1N482, 1N482A, 1N482B, 1N483, IN483A, 1N483B, 1N484, IN484A, IN484B, 1N485, 1N485A, IN485B, 1N486, 1N486A, 1N487, 1N487A, 
1N448, IN488A 

INTERNATIONAL RECTIFIER: 1N430, 1N430A, 1N430B, 1N547, 1N1095, 1Ni096 

KEMTRON: 1N21WE, 1N23WE, 1N78A, 1N149, 1N150, IN160 

PACIFIC SEMICONDUCTORS: 1N588, 1N589, IN645, 1N646, 1N647, 1N648, 1N649, 1N1134, 1N1135, 1N1136, INI 137, 1N1138, 1N1139, IN1140 
1N1141, 1N1142, 1N1143, 1N1143A, 1N1144, IN1145, 1N1146, 1N1147, INI148, INI149 ; 
RADIO RECEPTOR: 1N126A, 1N127A, IN191, 1N192, 1N270, 1N276 

RAYTHEON: IN55B, 1N67A, IN6BA, INOS, 1N126, 1N127, 1N128, IN191, 1N198, IN536, 1N547, IN645, 1N646, 1N647, 1N648, 1N1095 
SYLVANIA: 1N415B, 1N415C, 1N415D, IN415E, 1N416B, IN416C, IN416D, IN416E 

TRANSITRON: 1N429 


’ 
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March 1958 


Electrical Design News 
March 1958 


Electrical Manufacturing 
April 1958 


Electrical Manufacturing 
April 1958 


Electronic Design 
March 5, 1958 


Electronic Design 
March 5, 1958 


Electronic Design 
March 5, 1958 


Electronic Design 
March 19, 1958 


Electronic Design 
March 19, 1958 


Electronic Design 
April 2, 1958 


Electronic Design 
April 16, 1958 


Electronic Design 
April 16, 1958 


Electronic Equipment 
Engineering 
March 1958 


Electronic Equipment 
Engineering 
April 1958 
Electronic Industries 
March 1958 


Electronic Industries 
March 1958 


Electronic & Radio 
Engineer 
(British) March 1958 


An “intrinsic” or neutral layer incorporated be- 
tween base and collector layers permits transistor 
operation of higher voltages and frequencies. 


Constant-current feature of this two-terminal 
passive semiconductor makes it suitable for cur- 
rent regulation. 


Description and analysis of a proposed semi- 
conductor diode designed to operate as an oscil- 
lator when mounted in a suitable microwave 
cavity. 


A new repeater has been developed for cable 
carrier use. Transistors have been used extensively 
to reduce the size and power requirements. 


Description of test program and procedure, load- 
life tests, nature and mechanism of failure; con- 
cluded with a statistical analysis. 


Transistorized modules distribute the sound in 
a passenger aircraft public address system. 


A solid state voltage to digital converter uses 
a hybrid loop to accomplish repeatable high 
speed generation of square root functions. 


A stable oven and a highly compensated tran- 
sistorized circuit are features of a new 100 kc 
crystal oscillator. 


Single-phase, half-wave and bridge circuit with 
common load components are analyzed with 
current and voltage behavior shown graphically. 


Indium-arsenide probes that generate Hall volt- 
ages in magnetic fields promise simplified preci- 
sion magnetic measurements. 


Equations and criteria for designing silicon diodes 
in practical circuits. 


Proposal for standardization of power supply 
voltages for transistor circuits. Method used to 
select these voltage standards. 


Transistor circuits which may be substituted for 
chokes and capacitors. 


Chart of Zener diodes listed by their electrical 
characteristics in order of minimum and maxi- 
mum Zener voltage. 


Construction, characteristic curves and circuit 
applications of the Thyristor. 


New technique effectively uses the transistor as 
a variable resistor between the power supply and 
the load. 


Three configurations are considered, collector 
voltage feedback, collector current feedback, and 
combination feedback. 


Background fundamental, design details, cooling, 
transients, performance data and improvements 
discussed. 


A monograph is provided in which for a given 
value of R, and C, the frequency determining ele- 
ments, two basic oscillation-frequency characteris- 
tics may be obtained 


Battery composition, primary and secondary bat- 
teries, discharge factors, temperature effects, and 


battery storage are some of the topics discussed. 


Discussion of parameter change and orientation 
sensitivity of transistors and diodes in strong mag- 
netic fields. 


A new design consisting of a PIN diode structure 
has been developed. Preparation, forming, and 
electrical characteristics are discussed. 


Devices described are an industrial thermometer 
(0-100°C), a medical thermometer (85-105°F), 
and a high-sensitivity unit using a two-stage tran- 
sistor amplifier. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Fast Transistor Relay 


Amplifier Design Curves 


Magnetic Inverter Uses Tubes 
or Transistors 


Rapid Conversion of Hybrid 
Parameters 


Solid-State Thyratron Switches 
Kilowatts 


Designing Transistor A-F 
Power Amplifiers 


Transistor Filters Ripple 


On the Statistical Mechanics of 
Impurity Conduction in Semi- 
conductors 


Some Notes on the Hybrid-Pi 
Transistor Equivalent Circuit 


A Transistor Univibrator with 
Stabilized Pulse Duration 


Photoelectric Cells—A Review 
of Progress 


Thermistors for the Gradual 
Application of Heater Voltage 
to Thermionic Tubes 


A Transistorized Four-Quad- 
rant Time-Division Multiplier 
with an Accuracy of 0.1% 


Transistor Characteristics for 
Direct-Coupled Transistor 
Logic Circuits 


Direct Coupled Transistor 
Logic Circuitry 


The Use of Transistors in 
Physiological Amplifiers 


Measurement of Bioelectric 
Potentials With Microelectrodes 
and Neutralized Input Capacity 
Amplifiers 


Some Properties of Gallium 
Arsenide-Germanium Mixtures 
(Letter to the Editor) 


Radiation Induced Noise in 
P-N Junctions 


Measurement of Ternary 
Distribution Coefficient in 
Silicon 


Evidence of Dislocation Jogs 
in Deformed Silicon 


22 


Electronics 
March 14, 


Electronics 
March 14, 


1958 


1958 


Electronics 


March 14, 1958 
Electronics 
March 28, 1958 
Electronics 
March 28, 1958 
Electronics 


April 11, 1958 


Electronics 
April 11, 1958 


IBM Journal of 
Research and 
Development 
April 1958 


IRE Transactions on 
Broadcast and TV 
Receivers 

March 1958 


IRE Transactions on 
Circuit Theory 
March 1958 


IRE Transactions on 
Component Parts 
March 1958 


IRE Transactions on 
Electronic Computers 
March 1958 


IRE Transactions on 
Electronic Computers 
March 1958 


IRE Transactions on 
Electronic Computers 
March 1958 


IRE Transactions on 
Electronic Computers 
March 1958 


IRE Transactions on 
Medical Electronics 
March 1958 


IRE Transactions on 
Medical Electronics 
March 1958 


Journal of 
Applied Physics 
March 1958 


Journal of 
Applied Physics 
March 1958 


Journal of 
Applied Physics 
March 1958 
Journal of 
Applied Physics 
April 1958 


Push-pull switching unit capable of handling up 
to 10 amperes has a rise time of 50 usec. 


Charts aid determination of transistor or tube 
types, numbers of stages, and number of speci- 
fications of transformers for double-tuned h-f 
amplifiers. 


Collector and emitter coil windings of transistor 
or plate and grid windings of tube are oppositely 
connected to multivibrator. 


Chart and nomograph simplify conversion of 
grounded-base transistor parameters to grounded- 
emitter and grounded-collector forms. 


Circuits discussed are static switches, synchro- 
nized inverters, d-c to d-c converters, regulated 
d-c power supplies, dynamic braking, surge volt- 
age suppression and power flip-flop. 


Amplifiers deliver 45W to a 4-ohm load. Neither 
series nor quasicomplementary types use a driver 
or output transformer. 


Junction transistor improves smoothing perform- 
ance in low-voltage d-c power supply. 


The statistical mechanics of the impurity electron 
states for a semiconductor with a low density of 
donors, and a small amount of acceptor compen- 
sation is analyzed. 


The transistor amplifier and equivalent circuit: 
the constant current generator; the forward- 
biased junction; the diffusion capacitance; fre- 
quency independence of emitter current are some 
of the topics discussed. 


Use is made of a simple model of the basic 
emitter-coupled univibrator, or monostable mul- 
tivibrator for a facile understanding of circuit 
operation. 


A tutorial review of the various devices that ex- 
hibit a photoelectric effect. An exposition of the 
underlying physical principles. 


Thermistors which have large negative tempera- 
ture coefficients of resistance can be aptly used 
for the gradual application of heater voltage to 
thermionic tubes. 


Description of a circuit independent of the tran- 
sistor characteristics, and which requires no com- 
plicated balancing adjustments. 


Methods for the specification of acceptance re- 
quirements for dctl transistors and the relation of 
these specifications to logic design rules are dis- 
cussed. 


Logical design Tules are given for use with 
transistors. The implications of the use of silicon 
transistors are discussed. 


A_ physiological amplifier having a voltage gain 
of 10,000 was designed using low level d-c dif- 
ferential amplifiers with hearing aid transistors. 


Vacuum tube and transistorized versions of neu- 
tralized amplifiers are briefly described. 


Results indicate that the solubility of germanium 


in gallium arsenide is probably less than two 
atomic percent. 


Noise is induced in a p-n junction when it is bom- 
barded by high-energy radiation. Mean square 
noise current predictions are verified. 


A_method is described for determining the co- 
efficient of an Impurity introduced into a semi- 
conductor by a fused metal contact. 


Trails extending from dislocations in plastically 
deformed silicon have been observed by decora- 
tion and by an etching technique. 


D. L. Anderson 


A. E. Hayes, Ji 


C. H. R. Campli) 
' 


S. Sherr 


R. P. Frenzel 
F. W. Gutzwill 


M. B. Herscher 


F. Oakes 
E. W. Lawson 


P. H. Price 


C. R. Wilhelmse, 


D. J. Hamilton 


J. D. McGee 


J. J. Gano 
G. F. Sandy 


H. Schmid 


J. W. Easley 


J. Ro Harris 


T. Bickart 
E. F. Macnichol 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


‘oduction of Dislocations 
‘uring Growth from the Melt 


‘licon Crystals Free from 
jislocations (Letter to the 
ield Modulation of Liquid 
yiduced Excess Surface Con- 
‘icts on Germanium p-n 
inctions 

Wectric Field Distribution in 
olarized Photoconductors 


i pnization Rates for Electrons 
tnd Holes in Silicon 


Jemiconducting Properties of 
*{g:Si Single Crystals (two 
| rticles ) 

seneralized Mobility Theory 


Yost-Bombardment Conductiv- 
ity in MgO Crystals 


iezoresistance Constants of 
)-type InSb 


me-Dimensional Impurity 


eversible Thermodynamics 
and Carrier Density Fluctua- 
‘ions in Semiconductors 


Optical Constants of Germa- 
nium: 3600A to 7000A 


he Effects of Short Duration 
Neutron Radiation on 
Semiconductor Devices. 


heory of Junction Diode and 
Junction Transistor Noise 


‘Thermoelectric Effects 


Variation of Junction Trans- 
istor Current Amplification 
‘Factor with Emitter Current 
(Correspondence) 


| An Extended General Network 
Theorem on Rectification 
(Correspondence) 


Measuring Noise Figures of 
Transistor Amplifiers 
(Correspondence) 


Large-Area Germanium Power 
Transistors 


} A Hysteresis Effect in Cad- 

| mium Selenide and its use in a 
| Solid-State Image Storage 
Device 

_ Differential Method of Lag 

_ Compensation in Photoconduc- 
tive Devices 


Journal of 
Applied Physics 
April 1958 


Journal of 
Applied Science 
April 1958 


Journal of 
Applied Science 
April 1958 


Physical Review 
March 1, 1958 


Physical Review 
March 1, 1958 


Physical Review 
March 15, 1958 


Physical Review 
March 15, 1958 


Physical Review 
March 15, 1958 


Physical Review 
March 15, 1958 


Physical Review 
April 1, 1958 


Physical Review 
April 1, 1958 


Physical Review 
April 15, 1958 


Proceedings of the I.R.E. 


March 1958 


Proceedings of the I.R.E. 


March 1958 


Proceedings of the I.R.E. 


March 1958 


Proceedings of the I.R.E. 


March 1958 


Proceedings of the I.R.E. 


March 1958 


Proceedings of the I.R.E. 


March 1958 


RCA Review 
March 1958 


RCA Review 
March 1958 


RCA Review 
March 1958 


The segregation of solute on a microscopic scale 
during crystal growth leads to the introduction of 
dislocation lines into the crystal at the bounding 
surfaces of the segregate. 


Method of growing crystals free of detectable 
oxygen and without observable dislocations. 


Modulation increases with decreasing tempera- 
ture down to the melting point of the liquid and 
then decreases radically to nearly zero. 


Persistent internal polarization is shown to result 
from the accumulation of trapped charge near 
the surface layers of a photoconductor. 


The ionization rates for holes and electrons in 
silicon have been determined over certain ranges 
of field. 


Properties of n-type and p-type Mg:Si are ob- 
tained from crystals derived from prepared melts 
of the constituents in graphite crucibles. 


A formal theory of mobility is presented that 
does not depend on the existence of a transport 
equation. 


Electrical conductivity following the termination 
of bombardment by 1.3-Mev electrons has been 
observed in MgO crystals. 


The change of resistance in uniaxial tension was 
measured for several single-crystal specimens of 
p-type InSb over the range of 77°K to 350°K. 


The density of states of one-dimensional crystals 
consisting of 8 functions randomly distributed has 
been calculated on the IBM 650 computer. 


The formalism of irreversible thermodynamics is 
applied to the kinetics of carrier transitions In 
semiconductors. 


The optical constants of single-crystal Ge have 
been obtained in the wavelength range 3600A to 
7000A from measurement of the state of polari- 
zation of reflected polarized light. 


Effects on principle parameters of semiconductor 
devices on exposure to short-duration, high- 
intensity neutron radiation from a U-235 critical 
assembly. 


Shot noise formulas for devices in which all cur- 
rent is carried by one type of carrier, the carrier 
flow is one-dimensional, and the recombination 
is by volume recombination. 


Review of thermoelectric effects in solids, with 
practical applications of these effects. 


On the analyses given by Webster and Rittner 
which take into account the influence of the 
electric field as well as diffusion. 


Discussion of Gewartowski’s Theorem about the 
need for nonlinear resistance for rectified a-c 
output. 


Modifications of equations for unmatched condi- 
tions of the output impedance of the noise diode 
and the input impedance of the amplifier under 
test. 


Both p-n-p and n-p-n experimental alloy junction 
power transistors have been developed to operate 
at collector currents of 10 amperes or more. 


A brief description is given of a new hysteresis 
effect in cadmium selenide photoconductive pow- 
der. 


Method for reducing the effective response time 
of a photoconductive device regardless of the 
source of lag. 
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Multiple Logic Package 


Sprague’s new type 200C9 Multiple 
Logic Package is a single ceramic- 
base printed circuit with integral 
resistors and capacitors. It can be 
used as a flip-flop, pulse generator, 


Se 


or gating, amplifying, clipping, shap- 
ing, or delaying circuits by simple 
external connections to the 9 leads, 
which have been brought out from 
the printed circuit network. Only 1” 
high by 114” long by 14” thick, the 
new Sprague assembly for low-speed 
transistor circuits contains 10 resis- 
tors, 5 capacitors, and 2 transistors in 
one single encapsulation. Thus the 
number of parts to be inspected, 
handled, and soldered in a finished 
equipment has been drastically re- 
duced with accompanying cost sav- 
ings. 


Circle 139 on Reader Service Card 


Miniature Silicon Power Rectifier 


A new type of diffused junction 
silicon power rectifier has been de- 
veloped in the research laboratories 
of Fansteel Metallurgical Corpora- 
tion. This small unit is rated 'for 
continuous service at 20 amperes dc 


at maximum peak reverse potentials 
up to 400 volts. Four of these recti- 
fiers in a full wave bridge circuit will 
provide power for a 10 horsepower 
230-volt de motor. 


Circle 164 on Reader Service Card 
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New Products 


Broad Band Microwave Diode 


A new broadband high sensitivity 
microwave silicon diode, Type MA- 
428, has been developed by Micro- 
wave Associates. The diode exhibits 
high tangential sensitivity over the 
entire 50 to 75 kmc frequency range. 
The manufacturer estimates system 
noise figures between 15 to 18 db 
can be achieved using a matched pair 
of these diodes as mixers in a rat 
race power divider (MA-606) bal- 


anced mixer assembly in conjunction 
with a low noise if strip. The MA-428 
may be used also as a high sensitivity 
detector in low level video receiver 
applications. 


Circle 128 on Reader Service Card 


Test Jack 


Etched and printed circuit engi- 
neers can solve test point and moni- 
toring problems by use of a tiny test 
jack developed by Grayhill, Inc., 
which is designed for use on printed 
circuit boards. It accommodates 
standard phone tip plugs of .081” to 
0825” diameter. Only 1%” o.d. and 
approximately 44” high, it rivets to 
the board like an eyelet. 


Circle 144 on Reader Service Card 


Transistor Test Set 


A new general purpose transis 
test set has been announced by Bak: 
Atomic, Inc. The B-A Model K 
is a versatile precision instrument} 
analyzing transistors at frequeni 
from 100 cps to 200 ke, for both ] 
oratory and production work. It { 
fers a current range of from 100) 
to 1 amp. with two regulated sex 


conductor power supplies for } 


voltages and currents. Special mo! 
els available for use up to 2 a 
The direct measurements obtaini 
are based on “h” parameters. 


Circle 140 on Reader Service Card 


JAN Type Silicon Rectifiers 


Start of mass production of thre 
new JAN types of silicon power re 
tifier, designed for critical militay 
applications, is announced by Ger 
eral Instrument Corporation. Thex 
units cover the range from 200 - 
600 volts peak inverse, and from 7% 
ma de output at 50° C to 250 ma o 
output at 150° C. They meet all mil) 
tary requirements for shock, vibre 


tion, 


acceleration, 
temperature cycling and humidity 
can be operated successfully at tem- 
peratures ranging from —55° C. te 
+-165° C. and can be stored at tem- 


centrifuging 


peratures ranging from —65° to 


= -180ee. 


Circle 153 on Reader Service Card 


Germanium Diode Holder 


Grayhill, Inc., manufacturers of an 
extensive line of miniature compo- 
nents, offer a germanium diode 
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whe diode with a tight snap fit. The 
erall dimensions are 1%6” long x 
+4” wide. Center to center of clips 
635”. Loops in spring clips may 
fe used as terminals. 


Circle 147 on Reader Service Card 


beless Power Supply 


A tubeless type power supply for 
ack mounting is now available from 


seful for testing and developing 
*ransistor devices, for basic research 
‘n physics, magnetics, chemistry, 
edicine, etc. Designed for both lab- 
pratory and industrial use, it has 


Circle 169 on Reader Service Card 


“Transistor Mounting 


1 The Delbert Blinn Company an- 
imounces a new transistor mounting 
‘that provides a standardized mount- 
ing of all transistors regardless of 
size or shape. It offers shock resist- 
ance and prevents movement of the 
transistor even when subjected to 
‘severe vibration. Good heat sinking 
is afforded due to long transistor 


leads; and the quality of low mois- 
ture absorption, that is virtually un- 
affected by changes in either fresh 
or salt water, is another feature of 
this transistor mounting. 


Circle 172 on Reader Service Card 


Indicating Flip-Flop 


M. F. Electronics announces the 
Type 20, an indicating Flip-Flop in 
a sealed unit. It is designed to oper- 
ate as a combined binary counter 
and indicator at speeds up to 20 ke. 


No additional transistors are needed 
to drive neon indicators and only 
one low supply voltage is required. 
Each unit is capable of driving a suc- 
ceeding unit, allowing as long a bin- 
ary chain as required. The only 
inter-unit components required are 
one coupling capacitor per stage. 


Circle 175 on Reader Service Card 


Transistor Socket 


This new socket was designed by 
Grayhill, in conjunction with a lead- 
ing transistor manufacturer, for use 
with the new 3 and 4 Pin JETEC 30 
Transistors. The socket body is 
molded from mica-filled phenolic 
per MIL-M-14, Type MFE. The 
beryllium copper contacts are wrap- 
around style, silver plated and gold 


flashed for good contact and corro- 
sion resistance. 


Circle 143 on Reader Service Card 


Thermistors 


Twelve representative thermistors, 
with complete curves and specifica- 
tions for each, are included in a new 
Experimenter’s Thermistor Kit being 
offered by Fenwal Electronics, Inc. 
The kit, Model G200, has been de- 
signed to assist engineers in famil- 
iarizing themselves with thermistors, 
and for experimental work. The kit 
contains two glass thermistor probes, 
three beads, two discs, three rods, 
and two washers. Each thermistor is 
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separately packaged in its own 
“matchbook” cover and complete 
performance data is imprinted on the 
cover. 


Circle 127 on Reader Service Card 


Miniature Switch 


A precision snap-action switch has 
been announced by Micro Switch. 
Designated the Type “SX” Sub-sub- 
miniature, this switch provides op- 
portunities for the designer of com- 
pact devices where space and weight 
savings are important. The “SX” 
measures only .5 x .35 x .2 inch (on 
the case) and weighs but 1/28th 


ounce. The case, cover and plunger 
of the “SX” are made of high- 
strength plastic. Contacts are of fine 
silver. The unique snap-action 
spring is fabricated from beryllium 
copper. 

Circle 145 on Reader Service Card 


Switching Transistors 


RCA offers three new junction 
transistors of the germanium p-n-p 
alloy type designed for use in high- 
current switching circuits of military 
and industrial computers, and in 
other “on-off” control circuits. Des- 


55 


ignated as the 2N578, 2N579, and 
2N580, these transistors feature a 
high maximum collector current rat- 
ing of —400 milliampers. The 2N578, 
2N579, and 2N580 have, respectively, 
minimum alpha-cutoff frequencies of 
3, 5, and 10 mc, and minimum dc 
current transfer ratios of 10, 20, and 
30 at the full collector current rating. 


Circle 163 on Reader Service Card 


Epoxy Preforms 


Epoxweld 100, a new single com- 
ponent Epoxy preform used in auto- 
matic or production joining of metals, 
plastics, ceramics, glasses, and quartz 
is now available from Duramic Prod- 


ucts Division, Technion Design & 
Mfg. Co. It is an unpolymerized 
epoxide resin available in preforms 
(pressed shapes) allowing fabrica- 
tors to introduce a definite shape and 
amount of epoxy bonding material 
to accomplish a production assembly. 
Epoxweld 100 bridges the gap be- 
tween expensive metallic solders and 
slow-to-handle 2-component epoxy 
adhesives. 


Circle 168 on Reader Service Card 


General Purpose Transistors 


A new family of germanium gen- 
eral purpose audio (GPA) transis- 
tors has been announced by the 
Semiconductor Division of Motorola 
Inc. The transistors are under EIA 
numbers 2N650 through 2N655. The 
new devices feature a maximum 
junction temperature of 100° Cyrcol= 
lector dissipation ratings of 200 milli- 
watts, and tightly controlled limits on 
other parameters. These transistors 
meet or exceed the mechanical and 
environmental requirements of mil- 
itary specification MIL-T-19500A. 


Circle 130 on Reader Service Card 
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Miniature Wire Wound Resistors 


Mepco, Inc. has added three new 
miniature units, the M58, M59 and 
M60, to their line of precision en- 
capsulated wirewound resistors. 
They are produced in MIL styles 
9444 AFRT 10, 11 and 12, in a power 
range of 4g to 14 watt at 125° C. Their 
operating range is —65° to 145° C. 
with a temperature coefficient of 
0.003%/° C. All units are aged at 
high temperature to insure a stabil- 
ity of 0.03% or better. 


Circle 158 on Reader Service Card 


Wide Band Transfermers 


A new type of wide band trans- 
former, type #1210, has been an- 
nounced by North Hills Electric 
Company, Inc. Designed for opera- 
tion over the frequency range from 
100 ke. to 100 me. with minimum in- 
sertion loss, these transformers may 
be used for step-up or step-down. 


The impedance ratio is 600 ohms; 75 
ohms. Applications include antenna 
matching, receiver and low power 
transmitter coupling, and use in 
many circuits where isolation, im- 
pedance matching, or step-up are 
required over a wide band. 


Circle 166 on Reader Service Card 


Single Crystal Germanium 


Semimetals, Incorporated, 
nounces the availability of Sir) 
Crystal Zone-Levelled germanin 
This material features low disld 
tion density and tight resistiy 
specifications. All resistivity ran 
are available immediately in prod¢ 
tion quantities. The crystals cant 
manufactured to specifications f 
0.1 to 30 ohm-centimeters, n ox 
type. 


Circle 134 on Reader Service Card 


General Purpose Transistors ; 


General Transistor announces + 
availability of 10 new general p 
pose transistors, types 2N563 throw 
2N572. Five of these germanium ; 


loyed junction units are package 
in the JETEC 30 welded case ar 
five are in the military case. The 
are recommended for applicatior! 
where tight parameter control ar 
high reliability are desired. All uni 
can be supplied in full compliance 
with MIL-T-19500. 


Circle 131 on Reader Service Card 


Switching Transistors 


Five new Raytheon one ampex 
switching transistors are now avail 
able to designers of computer, corr 
trol and other equipment requirirs 
this capability. These are p-n-p ger: 
manium in the JETEC-30 package 
Types 2N658, 2N659, 2N660 am 
2N661 range in average cutoff fre 
quencies from 5 to 20 megacycles an: 
their Hie at base current of 10 milli 
amperes averages as high as 75. Fur! 
thermore, characteristics are con: 
trolled at high currents to provid: 
improved performance. Type 2N66: 
has wider characteristics spread ane 
is for use in less critical circuits. 


Circle 159 on Reader Service Card 


High Temperature Wire 


Hitemp Wires, Inc. announces 
pilot production of ready-to-use. 
flexible magnet wire with a con- 
servative duty rating of 1000° F. fox 
continuous operation. Hitemp will 
market the ceramic-coated wire un- 
der the trade name “CERAMA- 
TEMP.” It will withstand tempera- 
tures to 1700° F. for a limited time, 
and requires no curing or heat treat- 
ment prior to use. The new product 
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Hlets the need expressed for some 
ele by missile, aircraft and atomic 

orgy personnel. Its impact in these 
4 ds is predicted to be of paramount 
portance in the design and re- 
) ble operation of new, high tem- 


Yade available to manufacturers of 
jitary and commercial radio- 
equency equipment by Sylvania 
Vectric Products Inc. The series is 
pected to have wide application in 
Mitertainment type portable re- 
fivers, since all four, designated 
4247, 2N370, 2N371, 2N372, are de- 


band and short wave receivers. Im- 
portant electrical features of these 
transistors are high gain at 1.5 mc to 
20.0 mc, lower base resistance and 
reduced collector capacitance. 


Circle 155 on Reader Service Card 
Wire Tantalum Capacitors 


Aerovox presents the first in a line 
of Tantalum capacitors, Type WT, 
wire tantalum units in subminiature 
sizes especially suitable for applica- 
tion in low voltage devices such as 
personal portable radios, hearing 
aids, transistorized circuits, etc. Type 
WT units are lead mounted, wire 
tantalum capacitors in _ polarized 


a 


ae 


types only. They are designed for use 
where a-c voltage is small with re- 
spect to d-c polarizing voltage. Type 
WT Tantalum capacitors are avail- 
able from local Aerovox Distribu- 
tors in standard voltage ratings of 1, 
2, 4, 6, 8, 10, 20, 40 and 80 V dc. 


Circle 138 on Reader Service Card 


Transistorized Power Supply 


Electronic Measurements Co. an- 
nounces a new series of transistor- 
ized power supplies. The new units 
feature three-way short circuit pro- 
tection, including a high-speed, all- 
electronic circuit breaker. Additional 
features are remote control and re- 
mote sensing. The remote sensing 
provision eliminates voltage changes 
at the load due to voltage drops in 
the leads. Regulation is 0.1% or 0.01 
volt for extremes of line and load. 
Ripple is less than 0.001 volt. 


Circle 148 on Reader Service Card 


Transistor Transformers 


Three new transistor transformers 
TA-15, TA-16 and TA-17 have been 
added to the Stancor line. TA-15 is 
an input transformer for matching 
low impedance microphones to a 
2N156 or equivalent transistor. TA- 
16 is a driver transformer for single 
2N156 or push-pull 2N278 transistors 


PRODUCTS” 


ARE STILL AVAILABLE 


‘You can start your subscription 
with the JAN/Feb or MAR/Apr 
issue so your files will be com- 
plete. Soon these will be “‘col- 
lector’s items” so don’t delay. 
(Single copies are $.75 each). 


Use the Subscription Order Card 


' bound into this issue. 


SEMICONDUCTOR PRODUCTS e 


for maximum reliability e 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing “thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 
at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in 
new or existing equipment. 

To fit all popularly used 

power diodes. 


FOR CATALOG 


test data write: 


with NEW 
BIRTCHER 


DIODE 
RADIATORS 


and THE BIRTCHER CORPORATION 


industrial division 


4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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WITH ALPHA UHP* Ultra High Purity DOT MATERIAL 


ONLY THE BEST ARE CHOSEN 


ULTRA HIGH PURITY METALS — continuous spectrographic analyses 
assure purity of elements to 99.999+. 


METALLURGICAL RESEARCH — facilities, trained personnel, and skills 
available for your development problems. 


EXTENSIVE SPECIALIZED EQUIPMENT & FACILITIES — for production of 


specific alloy requirements. 


ALLOYING — atmospheric control, basic melts, and other tech- 
niques guarantee complete uniformity. 


INSPECTION — precise control and measurement of physical 
dimensions and alloy compositions. 


PACKAGING — scientifically cleaned, counted, and packaged. 


BREAK THROUGH the quality barrier on Dot Material SPECIFY 
ALPHA UHP* 


*trademark 


A [ P tH A WATER ST., JERSEY CITY 4, N. J.— HEnderson 4.6778 
midwest division ALPHA-LOY CORP. ALPHA 


METALS, INC 2248 S. Lumber St., Chicago, Illinois — MOnroe 6-5280 
9 ry 


(R 
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in Class B operation. TA-17 is © 
modulation transformer for mate! 
ing push-pull 2N278’s Class B t 
Class C loads. All three units wi 
have many other applications i 
transistor circuitry. 


Circle 152 on Reader Service Card 


Computer Diodes 


New types of high speed alloy 
junction computer diodes have re 
cently been developed by Qutronic 
Semi-Conductor Corporation. Re 
verse recovery time of the Q5-100) 
Q5-250, Q10-200 and Q10-300 to 0.4 
ma after switching from 1.6 mda 
forward current to —3.0 v reverse 
voltage applied through a 750 ohm 
loop resistance, is 5 millimicro-sec= 
ond maximum. 


Circle 157 on Reader Service Card 


Miniature WW Resistors 


A new line of ultra-miniatur 
wire-wound resistors was announced: 
recently by Ultronix. Type 102 meas- 
uring only %4” x 4%” x 1%” can be: 
obtained in values from 1 ohm to 1 
megohm to tolerances of +0.05%.. 
Type 103 is 0.150” in diameter by: 
0.295” long and available in ranges: 
from 1 to 500 k ohms with tolerances : 


of +0.05%. Both types have operat- 
ing temperatures from —65° C. to 
+125° C. The standard temperature 
coefficient is +15 ppm. Power dissi- 
pation is 0.15 watt. For printed cir- 
cuit work, lead spacing tolerance is 
maintained to +0.005”. 


Circle 129 on Reader Service Card 
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Mle: Transistor Electronics 


‘thors: David Dewitt and Arthur 
‘Rossoft 


{Mblisher: McGraw-Hill, 1957 


‘The authors of this book state at 
We outset that the purpose of the 
‘ok is to teach. With this in mind 
‘bey develop the fundamental semi- 
Waductor processes from the quan- 
¥m mechanics and energy band 
Weories. This is followed by a rather 
Morough discussion of the p-n junc- 
mn and the junction transistor. 
The balance of the book is de- 
hited more concisely to transis- 
Er electronics. A particularly good 
@scussion of transistor power ampli- 
: of both the Class A and push- 
Jail Class B types is found in Chap- 
‘Br seven. Chapter 8 is concerned 
fith the application of feedback in 
ihansistor amplifier circuits with a 
view of circuits and methods. The 
all-signal high frequency be- 
Gavior of transistors is reviewed 
»gether with many familiar switch- 
ag circuits in the chapters that 
*llow. Radio receiver applications of 
vigh frequency transistors are dis- 
Sussed and several of the new types 
f high frequency transistors are 
@nalyzed. The final chapter deals 
rith transistor noise. 
'Transistor Electronics should 
Yrove to be an excellent text, since 
i; is presented in a clear tutorial 
‘nanner by authors with an obvious 
inderstanding of their subject. 


Wfitle: Mathematics For Electronics 
With Applications 
i 


Authors: Henry M. Nodelman and 
Frederick W. Smith 


Publisher: McGraw-Hill Book Com- 
pany, 1956 


This book presents a very practi- 
Ical side of the mathematics peculiar 
to electronics. The authors devote 
‘the first two chapters to working out 
jseveral sample problems illustrating 
thow the calculus may be applied to 
‘their solutions. 

The real value of this work lies 
‘in the later chapters. An interesting 
‘discussion of dimensions and a table 
of physical quantities and their 
equivalent units is found in Chapter 
3 with the following chapter out- 


| 
Book Reviews 


lining a method of checking equa- 
tions and predicting solutions. 

The theory of determinants is re- 
viewed extensively as is the method 
of network solution. Chapters 7 and 
8 discuss matrix algebra and net- 


work solution by matrices as a logi- | 


cal outgrowth of determinants. 

The balance of the book 
with a great variety of mathematical 
subjects including series representa- 
tion of electronic functions, non- 


deals | 


linear electronic devices, differential | 


equations, LaPlace transformation 


and Boolean algebra. 


This book is well written and will | 
undoubtably find great popularity | 
with the practising electronic engi- | 


neer from both a content and pres- | 


entation approach. 


Title: Dictionary of Physics 
Electronics 
Authors: Walter C. Michels et al. 


Publisher: D. Van Nostrand Com- 
pany, Inc. 


The combined efforts of sixteen 
well qualified authors have produced 
this comprehensive reference work. 
While the primary emphasis is in 
the fields of physics and electronics, 
representative topics in closely allied 
subject areas are also dealt with. 
Some of these are the 


engineering. 

The scope of the work takes in the 
definitions of terms, statements of 
laws, relationships, equations, basic 
principles and concepts, and brief 
descriptions of widely used measur- 
ing and test equipment and appa- 
ratus. 

The problem of presenting the ma- 


terial on a suitable level of difficulty | 


has been met by a two-pronged at- 
tack wherever the authors consid- 
ered it advisable. This approach in- 


volves the simultaneous presentation | 


of both a simple definition or ex- 
planation along with a more rigor- 
ous treatment of the particular item. 
This approach makes the book valu- 
able to both the advanced worker in 
the field and to the reader without 
an extensive mathematical back- 
ground. 

The subject matter has been taken 
from sixteen subject areas. Over 300 
illustrations are included. 
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and | 


fields of | 


mathematics, chemistry, biology and | 


TANTALYTIC” 
CAPACITORS 


think of 
Nehweber 


IN STOCK—OVER 250 DIFFERENT 
RATINGS polar and non-polar types. 


SOLID ELECTROLYTIC 
—80°C to +85°C 

Available up to 60 volts 
Smaller size Higher stability 
Lower temperature 

Low impedance at 

higher frequencies 
Unlimited shelf life 


—— = 


+125° For 

high temperature, 

miniaturized high 

reliability. Designed for 
cramped quarters. 


+125° 


Permits maximum 
flexibility in chassis 
arrangement in 
minimum space. High 
temperature, long 
life. 


KSR 

King Size 

Rectangular 

New designs 

provide up to 

40% reduction 

in weight, and 

30% reduction in 

required space, 

when compared to other foil tantalum 
units. Packs a lot in a little space. 
Costs less per volt-microfarad. 


We know you will appreciate a supplier who 
sells TANTALUM CAPACITORS as a MAIN 
LINE instead of a side line! Send for our 
latest specially prepared GE Tantalytic® 
bulletin. 


Schweber &LecrRonics 


60 HERRICKS ROAD — MINEOLA, L.I., NY 
PIONEER 6-6520 
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HIGH FREQUENCY 
INDUCTION 


HEATING 


The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of ; 
electronics as well as the most practical and ™ 
efficient source of heat yet developed for industrial 
heating. ; eee 
If you are interested in induction heating you are invited 
to. send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 
IN THE MANUFACTURE OF TRANSISTORS 


SOLDERING TRANSISTOR 
ASSEMBLIES 
BY INDUCTION HEATING 


SINGLE CRYSTAL PULLER 


Dl 


2 
16 


WICKEL SHELL 
GaaSS INSULATOR 


General arrangement for pull- 
ing single crystals. Induction 
heating coil is shown surround- 
tinned glass, thus causing ing quartz tube containing 
solder to flow for permanent crucible with molten germa- 
Real nium in suitable atmosphere. 

CREP EEE EET yyy Y 


MULTIPLE ZONE REFINING 


Concentrator-type coil creates 
high intensity, restricted heat- 
ing at joint of nickel shell and 


Induction heating apparatus used in zone refining. The six 
coils shown provide simultaneous molten zones in the ingot 
as it passes through the tube containing the protective 
atmosphere. 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable information. 


All Lepel equipment is cer- 


D tified to comply with the 
- Fequirements of the Feder- 


} al Communications Com- 
mission, 


LEPEL HIGH FREQUENCY LABORATORIES; INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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Industry News 


The 2nd National Convention on Military Elec. 
tronics was held June 16, 17, and 18 at Washington 
D. C. Sponsored by the Professional Group on Mili- 
tary Electronics, IRE, its theme was Missiles ana 
Electronics. Among the papers dealing directly wit# 
solid state devices were: “Infrared Detectors”— L. J 
Neuringer, Raytheon; “Avalanche Noise in FN Junc- 
tions”—S. Sherr, S. King, General Precision Labora- 
tory; “Some Design Considerations in the Applica 
tion of Silicon Transistors to Voltage Mode Digita 
Circuitry’—James V. B. Cooper, William K. Mead- 
IBM; and, “A High Speed Transistor Shift Register: 
for Operation up to 135° C’”—J. L. Robinson, Philco. 


Dr. William Shockley, Nobel prize winner from 
California, inaugurated the International Conference 
on Solid-State Physics in Electronics and Telecom- 
munications on June 2 at the University of Brussels, 
Belgium, with an observation that “in science all! 
workers are on an equal footing and their accom- 
plishments are judged finally in the impartial court 
of nature which always operates by the same laws: 
no matter whose experiments they govern.” 

“This symposium at the World’s Fair is a step in 
a valuable direction. In the area of solid-state physics, 
scientists and engineers from all nations can establish : 
an area of common understanding—an understanding ! 
based on the discovery and control of natural phe- 
nomena. Natural science is probably the field in; 
which understanding can most easily be reached | 
among workers of different backgrounds and native » 
languages. A broader understanding between nations 
may thus be helped by increasing understanding and 
personal contact between their scientists.” 


First quarter factory sales of transistors increased 
76 percent over the corresponding three month period 
in 1957 according to the Electronic Industries Asso- 
ciation. Though March sales of transistors dropped 
from the February level, EIA recorded an increase 
over March 1957 by more than one million units. 
Factory sales of transistors in March totaled 2,976,843 
with a dollar value of $6,795,427 compared with 
3,106,708 transistors sold in February valued at 
$6,806,562 and 1,904,000 units worth $5,321,000 sold 
in March of last year. Cumulative sales of these 
semiconductor devices during the first quarter of 
this year totaled 9,038,798 valued at $20,306,372 com- 
pared with 5,125,300 transistors sold during the cor- 
responding months of 1957 with a dollar value of 


$14,612,000, as the following EIA report for March 
shows: 


1958 Sales 1958 Sales 1957 Sales 


(units) (dollars) (units) 
January 2,955,247 $6,704,383 1,436,000 
February 3,106,708 6,806,562 1,785,000 
March 2,976,843 6,795,427 1,904,000 


TOTAL 9,038,798 $20,306,372 9,125,000 
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Two new products engineered by 
}e General Electric Communication 
froducts Department at Syracuse, 
}. Y., were shown for the first time 
), the annual convention of the 


Jation and the Petroleum Electrical 
jupply Association here. These were 
new hand-carried transistorized 
jortable two-way radio as well as 
t new _ thermostatically-protected 
lransistor-powered 100-watt mobile 
ladio for vehicles. Both products 
Mlustrate the communication indus- 
y's advancement in the field of 
ransistorization and both will have 
vide application in various types of 
usiness. The new portable is de- 
cribed as the first of its kind in 
he nation to include a tubeless re- 
eiver. The 100-watt mobile, ac- 
cording to General Electric, is the 
irst offered for sale in the communi- 
cations industry with thermostatic 
protection for transistors. 


Texas Instruments Incorporated 
dedicated its new 310,000 sq ft plant 
of revolutionary design for the man- 
fufacture of transistors and other 
tsemiconductor devices on a 300-acre 
site on Monday, June 23, by using 
the signal from the American satel- 
lite Vanguard to cut the traditional 
ribbon. TI-made transistors are 
playing an important role in the in- 
‘strumentation of the orbitting satel- 
lite. Dr. James R. Killian, Chairman 
of the President’s Advisory Commit- 
tee on Science, made the dedicatory 
address. 


Raytheon’s wide line of transistors 
has been increased by the addition 
of four n-p-n silicon types in the 
JETEC-30 package. These are 2N619, 
2N620, 2N621 and 2N622. These four 
types are for low frequency service 
—the highest has an alpha frequency 
cutoff rating of about 400 kilocycles. 
-2N622 is a low noise type. Although 
: not symmetrical to the Raytheon 
_p-n-p silicon types these new n-p- 
silicon types have similarities of help 
in complementary circuitry and all 
provide the ruggedness and depend- 
ability needed for critical applica- 
tions. Variation of characteristics 
with temperature has been reduced. 


The electronics industry’s 1958 
Medal of Honor was presented re- 
cently to H. Leslie Hoffman, presi- 
dent of the Hoffman Electronics 
Corp., of Los Angeles, for his many 
years of constructive leadership in 
a dynamic industry. Hoffman has 
been in the forefront of industry 
progress since electronics was rep- 
resented by only one product—radio. 


General Instrument Corporation, 
in a move to speed up its program 
of diversification in industrial and 
government electronics, announced 
recently the creation of a special 
Division for New Product Develop- 
ment—which will have at its dis- 
posal the research and engineering 
facilities of all the Company’s 
branches—and named Lawrence R. 
Hill to head it up as Divisional Man- 
ager. Mr. Hill had been with West- 
inghouse Electric Corp. The new 
Division will apply itself to all elec- 
tronic branches, but with particular 
emphasis on new products for the 
swiftly-growing industrial electronic 
market. 


A new Industrial Semiconductor 
Distributor Organization designed to 
provide rapid, “off-the-shelf” tran- 
sistor distribution and service across 
the nation has been established by 
the Lansdale Tube Company, divi- 
sion of Philco Corporation. Accord- 
ing to Cyrus Warshaw, Lansdale 
Tube Company’s General Sales 
Manager, carefully selected local 
industrial distributors are being ap- 
pointed to stock the complete Philco 
transistor line in all leading indus- 
trial areas. Direct factory franchises 
are being established with key dis- 
tributors for local sale and service 
of Philco transistors. 


A price decrease of approximately 
30% in the cost of solid-electrolyte 
tantalum electrolytic capacitors has 
been announced by the Sprague 
Electric Company. This is the second 
price reduction in 1958. At the time 
Sprague opened new production fa- 
cilities at its semi-conductor plant 
at Concord, N. H., in January, it 
had dropped solid tantalum capacitor 
prices some 25%. 


— ————— — 


Lower prices for all grades of 
hyper-pure silicon were announced 
by Du Pont on May 11 coincident 
with the start-up of the nation’s first 
full-scale silicon plant near Brevard, 
N. C. Reductions range from $5 to 
$40 a pound, retroactive to May 1, 
according to Dr. J. B. Sutton, spe- 
cialty products sales manager for the 
company’s Pigments Department. 


For the second time in less than 
six months, Delco announces sub- 
stantially lower prices. Now, prices 
on some sample quantities of high- 
power transistors have been cut as 
much as 27%. Production quantity 
prices have been reduced also—up 
to 28%. 
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components for 


Sm 
conduc 


Inspection by contact. 


High Purity Dot Material 


ACCURATE 
SPECIFICATIONS 


Weight Specifications: 


> | DISCS: 
Where gauge is 2/3 of diame- 
ter or less, weight control main- 
tained to +2%, except where 
gauge falls below .008”. 


Size Specifications: 


Pm | DISCS: 


Diameter maintained at + 
.0005”;in special cases + .0002”. 


> SPHERES: 

Normal tolerances as follows: 
.001” to .010” + .0002” 

.011” to .027” + .0003” 

.028” to .035” + .0004” 

.036” to .045” + .0006” 
Tolerances listed have been ex- 
ceeded and held to + .0001”. 


i design and production engineers 
are available for consultation on 
any problems you may encounter in 
the realm of semi-conductor alloys. 
For bulletin write or call today. No 
obligation, of course. 


‘CCURATE 


SPECIALTIES CO., INC. 


37-13 57th St. « Woodside 77, N. Y. 
TWining 9-5757 
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MODEL 212AM—0 to 100V de; 


14 lbs. Price $129.00* (Unmetered) 


Transistor Application Starts With 
“REGATRON Power Packs 


Over 96% of the applications of 
Regatron super-regulated Tran- 
sistor Power Packs are for proto- 
type development of transistorized 
equipment and for high-speed 
automatic transistor testing. That’s 
because Regatron Transistor 
Power Packs are specifically de- 
signed to furnish transistor power. 


They deliver full rated current 
over the entire voltage range... 
without loss of regulation or sta- 
bility. They can be programmed 
from a remote location by means 
of an ordinary resistor, delivering 
one volt for each 1000 ohms of 
programming resistance. 


® Registered U.S. Patent Office. Patents Pending. 


Leader in Power for Semiconductors 


Model 212AM shown above has less 
than .0005 volt hum; regulation is with- 
in 0.1% or 0.02 volt over entire range 
of load and input voltage; output im- 
pedance is less than 1.0 ohm at 40 KC 
cycles, dropping off to less than 0.01 
ohm at low audio frequencies. A modu- 
lation input is provided. 


Other models available covering higher 
current and voltage ranges. Constant 
current models also available. Write 
for data file. Dept. 300. 


MODEL 213AM—0 to 50V de; 1 
amp; 7” H, 19” W, 11” D; 35 
Ibs. Price $345.00* (Unmetered) 


*Metered units slightly more. 


ELECTRONIC MEASUREMENTS CO., Inc. 


Eatontown 


¢ New Jersey 
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SEMICONDUCTOR PRODUCTS 


300 WEST 43rd STREET 


NEW YORK 36, N. Y. 


Nide Range of Ratings ... Choice of Mounting 
wh Efficiency... Low Cost... Prompt Delivery 


‘TLarzian SILICON RECTIFIERS 
dfer These Advantages — and 


J 
SERIES 


x 
¥ 


L SERIES 
LF SERIES 


4IGH CURRENT 
SERIES 


ok 


TUBE 
REPLACEMENT 
SERIES 


SARKES TARZIAN, INC., RE 


In Canada: 700 Weston Rd., Toronto 


SPECIFICATIONS 
D. C. Current 

Range .. 1.5A(J-1)—10A(J-2) 
Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 

Voltage Drop ....... 1.25V 
Approx. Weight 

(SONGS) Fe cee nsixr es 202. 


SPECIFICATIONS 
D. C. Current 

Range ..... 1.5A(L)—5A(LF) 
Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 


Voltage Drop ........ hf 
Approx. Weight 
(Ounces) 5 ser «1s roo) OZ- 


SPECIFICATIONS 


D. C. Current 
Range ...... 20A to 200A 


Peak Inverse 


Voltage Range 50V to 400V 


Approx. Rectifier 
Voltage Drop ....... 1sZON. 


Approx. Weight 
(Ounces)... 1.3 0z. to 7.0 oz. 


SPECIFICATIONS 


D. C. Current 
Range. .25A(HW)—.7 5A(FW) 


Peak Inverse 
Voltage Range 1600V to 4500V 


Approx. Rectifier 


Voltage Drop....- 8V to 10V 
Approx. Weight 
(Ounces) ....- 4 oz. to 8 oz. 


LOW CURRENT 
SERIES 


iso we 
= won 


K SERIES 
M SERIES 


HERMETICALLY 


SEALED SERIES 


SM 
SERIES 


Write, wire or phone for complete information 
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Many More! 


SPECIFICATIONS 


D. C. Current 

Range ..... .15A(M)—.2A(K) 
Peak Inverse 

Voltage Range ...... 360V 
Approx. Rectifier 

Voltage Drop ........ 1.5V 


Approx. Weight 
(Ognces) eerie oe ee 52 OZ. 


SPECIFICATIONS 
D. C. Current 

Range ..... -SA(M)—.75A(K) 
Peak Inverse 

Voltage Range 100V to 600V 
Approx. Rectifier 

VolfageiDropy sar. = ener le, 


Approx. Weight 
(Ounces) ensue cy os .2 oz. 


SPECIFICATIONS 
D. C. Current 
Ranges) .ecraee = .5A to 15A 


Peak Inverse 
Voltage Range . .50V to 600V 


Approx. Rectifier 


Voltage. Drope.nscnse 1ZoV 
Approx. Weight 
(Ounces).. .15 0z. to 1.5 oz. 


SPECIFICATIONS 


D. C. Current 


Range...... 325A to .45A 


Peak Inverse 


Voltage Range 800V to 2800V 


Approx. Rectifier 


Voltage Drop .... 2V to 15V 


Approx. Weight 


(Ounces) .... .3 02. to .9 oz. 


CTIFIER DIV., Dept. sP-3.415 N. College, Bloomington, Ind. 


9, Tel. Rogers 2-7535 @ Export: Ad Auriema, Inc., New York City 


TAKE YOUR PICK FROM... © 


THE SPRAGUE TRANSI-LYTIC FAMI 


of Ei electrolytic capacitors 
for every requirement in entertainment electronics . 
pocket radios, wireless microphones, miniature f 
recorders, auto receivers 


VERTI-LYTIC* 


CAPACITORS 


LITTL-LYTIC* 


CAPACITORS 


Cera-lytic’ | 


CAPACITORS — 
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Sprague’s new Type 30D her- : These space-saving Type 89D | The ideal capacitor for apph 
metically-sealed aluminum- | ‘lytics are designed foreasy man- | cations where low cost is the pr) 
encased capacitors are the tiniest | ual upright mounting on printed mary consideration is Sprague 
electrolytic capacitors made to ! wiring boards. Keyed terminals | new Type 31D. Capacitor see 
date... and their performance is | assure fast mounting and correct |  tionsarehoused ina dense steatit 
better than ever. Their remark- | polarity. No reworking on the 
assembly line. Sturdy pre-molded 
henolic shell with resin end-fill | 
eee 2: 
| gives excellent protection against 
drying-out of the electrolyte or | 
j; the entry of external moisture. | 
| The phenolic case eliminates the ! 
necessity for additional insula- | 
| tion. Reasonably priced for mass | 
| production receivers. Engineer- 
ing Bulletin No. 3060 lists stand- l 
| ard ratings with performance | 
| data. | 


able reliability is the result of a 
new manufacturing technique in 
which all the terminal connections 
are welded, No pressure joints... 
no “open circuits” with the passage 
of time. And check this for ultra- 
low leakage current: for a 2 uf, 
6 volt capacitor ... only 1.0 ya 
max.; for a 300 uf, 6 volt ca- 
pacitor... 3.5 ya max.! Engineer- 
ing Bulletin No. 3110 gives the 
complete story. 85°C standard. 


cuits. Size for size, they’re tha 
smallest the industry has pro. 
duced in a ceramic-cased alu4 
minum electrolytic. Engineering 
Bulletin No. 3010 details stand 
ard ratings and gives perform- 
mance data. 


*Trademark 


FOR ENGINEERING BULLETINS On the industry’s first com- 
plete line of subminiature aluminum electrolytic capacitors, 
write Technical Literature Section, Sprague Electric Com- 
Pany, 467 Marshall Street, North Adams, Massachusetts. 


the mark of reliability 


SPRAGUE COMPONENTS: ‘i 


CAPACITORS « RESISTORS MAGNETIC COMPONENTS e TRANSISTORS « INTERFERENC 
FILTERS *« PULSE NETWORKS . HIGH TEMPERATURE MAGNET WIRE 


For further information circle No. 3 on Reader Service Card 


° PRINTED CIRCUIT 


